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I .  INTRODUCTION 

The following is  a  r epor t  on the  design and development of the  
Computer Man f o r  appl ica t ion  t o  v u l n e r a b i l i t y  s tud ies  of m i l i t a r y  per- 
sonnel engaged i n  combat environments and subjected t o  various weapon 
t h r e a t s .  Although t h i s  model is not cu r ren t ly  i n  use a t  t h e  B a l l i s t i c  
Research Laboratory (BRL), it i s  presented i n  order  t o  document t h e  work 
done, and because the  model may be of i n t e r e s t  i n  f u t u r e  personnel 
v u l n e r a b i l i t y  s tud ies .  

For many years i n j u r y  c r i t e r i a  were based upon medical assessments 
of autopsy repor t s  derived from animal experiments. However, at tempts 
t o  c o r r e l a t e  the  e f f e c t s  of physiological  damage i n  humans with t h a t  
produced i n  animals led  t o  c e r t a i n  d i f f i c u l t i e s .  To avoid these  pro- 
blems, it was decided i n  1974 t o  s h i f t  t h e  personnel v u l n e r a b i l i t y  e f f o r t  
t o  t h a t  of modeling the  wounding process.  Hence, the  development of the  
Computer Man came i n t o  existence.  The Computer Man Anatomical Model i s  
p a r t  of an o v e r a l l  e f f o r t  t h a t  has been conducted i n  the  Personnel 
Vulnerabi l i ty  Group t o  develop an a n a l y t i c a l  model which could be used 
t o  p red ic t  the  e f fec t s  wounds have on human functions f o r  various 
c l a s ses  of p r o j e c t i l e s .  

The computer generated three-dimensional representa t ion  of  a  human 
male i s  defined as  the  Computer Man. The Computer Man i s  e s s e n t i a l l y  an 
organized a r ray  of t i s s u e  codes which a r e  encountered when t h e o r e t i c a l l y  
generated random t r a j e c t o r i e s  s t r i k e  and penet ra te  o r  pe r fo ra te  the  body. 

The essence of t h i s  r epor t  cons i s t s  of i n s t r u c t i o n s  and programs 
wr i t t en  t o  cons t ruct ,  s t o r e  and p r i n t  Computer Man models. Detai led 
documentation is provided f o r  t h e i r  i n t e r p r e t a t i o n  and use. 

11. VULNERABILITY 

In the  v u l n e r a b i l i t y  analyses,  t h e  development of the  c r i t e r i a  r e -  
l a t i n g  t o  the  e f f e c t s  wounds have on a  s o l d i e r ' s  a b i l i t y  t o  perform i n  
a  combat environment, and the  scope of t h e  methodology used, i s  q u i t e  
extensive. '  Moreover, s ince  incapac i t a t ion  and l e t h a l i t y  a r e  the  b a s i c  
i n j u r y  c l a s s i f i c a t i o n s  s tudied  i n  formulating the  codes which make up 
the  Computer Man, these  two areas  of i n t e r e s t  w i l l  be discussed b r i e f l y  
here .  

For t h e  incapaci ta t ion  da ta  used with the  Computer Man Anatomical 
Model described i n  t h i s  r epor t ,  surgeons were asked t o  evaluate  a  l i s t  

I *  W .  Kokinakie and J .  Sperrazza, "Criteria for Incapacitating Soldiers 
with Fragments and FZechettes," Ba l l i s t i c  Research Laboratories 
Report No. 1269, Jan 1965. -) (AD #359774) 



of 181 t i s s u e s  which, when rendered non-functional by a penet ra t ing  
p r o j e c t i l e ,  could induce some leve l  ~f incapaci ta t ion  with respect  t o  a 
given scenario.  A de ta i l ed  descr ip t ion of the  t i s s u e  codes which define 
t h e  Computer Man i s  l i s t e d  f o r  reference i n  Appendix A. Three time 
frames were s t i p u l a t e d  i n  conjunction with each of two c l a s s i f i c a t i o n s  
of combat r o l e s  : 

1. a s s a u l t  immediate. 

defense immediate. 

2 .  a s s a u l t  5 30 sec. 

defense 5 30 sec.  

3. a s sau l t  5 5 min, 

defense 2 5 min. 

Surgeons used a range of whole numbers (0-100) t o  ind ica te  quanti-  
t a t i v e l y  the  l eve l  of incapaci ta t ion  rendered. Pain was of no consider- 
a t ion .  Approximately a t h i r d  of t h e  anatomical t i s s u e s  were assigned 
non- zero scores.  

To generate the  too l s  f o r  t h e  l e t h a l i r y  analys is  a d i f f e r e n t  ap- 
proach was undertaken. A team of surgeons was presented a s e t  of  g r i  ded 
anatomical cross  sec t ions  a s  developed by Eycleshymer and Schoemaker. 

4 
The medical assessors  were asked t o  independently es t imate  the  e f fec t s  of 
the  removal of a defined quant i ty  of body t i s s u e  on human surv ivab i l i ty .  
A r e l a t i v e  s c a l e  of  whole numbers (1-10) was employed. A score was 
entered f o r  each t i s s u e  c e l l  defined on a cross sec t ion  based upon t h e  
p robab i l i ty  of  death occurring, given t h e  removal of a s i n g l e  c e l l .  
Scenarios were es tabl ished f o r  four  time frames r e l a t i v e  t~ t h e  ava i l -  
a b i l i t y  of expert  medical a id ;  within 30 minutes, within one hour, 
within s i x  hours, and no treatment. 

The number of assessments d i f f e r  f o r  each of t h e  preceding time 
frames. I n i t i a l l y ,  th ree  assessors  were asked t o  make est imates on a l l  
c e l l s  throughout the  body. Subsequently, an addi t ional  group of asses-  
s o r s  were asked t o  provide est imates f o r  those p a r t s  of  t h e  body f o r  
which they were considered s p e c i a l i s t s .  In  these cases t h e  body was 
divided i n t o  four  sec t ions ;  head and neck, thorax,  abdomen and pe lv i s ,  
and limbs. Composite evaluations a r e  t r e a t e d  i n  t h e  same manner a s  
individual  e v a l u a t i ~ n s .  Spec i f i c  d e t a i l s  on the  medical judgment pro- 
cess f o r  est imating incapaci ta t ion ,  a s  well  as  l e t h a l i t y ,  and t h e  method- 
ology used t o  c o r r e l a t e  damage with incapacitation/lethality, w i l l  be 
documented i n  a BRL publ ica t ion which is presen t ly  being organized. In  
t h e  interim, quer ies  concerning t h e  medical inputs  t o  t h e  Computer Man 
Anatomical Model should be addressed t o  Director .  B a l l i s t i c  Research 
L a b 0 r a t 0 ~ 8  ATTN: DRDAR-BLV, Aberdeen Proving Ground, MD 21005. 

2' A .  C .  By cZe8hymer and D.  M .  Schoemaker, "A W s - S s c t i o n  Amtany, It 

2 1 5 ~ ~ 3  D- AppZeton - Centw)y Company, N e w  York and London, 1911. 

8 



111. COMPUTER MAN TARGET DESCRIPTION 

A .  Origin of Computer Man 

Physical dimensions of t h e  Computer Man a r e  based upon photographs 
taken from the  Cross-Section Anatomy of reference 2, i n  which a s e t  of 
108 hor izonta l  cross sec t ions  pe r t a in ing  t o  an adu l t  male a r e  given. The 
anatomical c ross  sec t ions  a r e  grouped according t o  body p a r t s ;  head and 
neck (cross sec t ions  1-18); thorax, abdomen and pe lv i s  (cross sec t ions  
19-44); l e f t  arm (cross sec t ions  50-75); l e f t  l eg  and foot  (cross sec t ions  
76-113). Cross sec t ions  (45-49) a r e  descr ip t ions  of  t h e  female organs 
taken i n  the  pe lv ic  region and a re  not included i n  our study. Figure 1 
i l l u s t r a t e s  the  approximate i n t e r v a l s  a t  which s l i c e s  were taken from t h e  
human anatomy i n  the  thorax, abdomen and pe lv i s .  The spacing between 
s l i c e s  i s  2.6 cm. 

The i n i t i a l  s t e p  i n  t h e  Computer Man development i s  conducted by 
superimposing a g r i d  mesh onto each photograph and examining t h e  contents  
of  each c e l l  present .  A representa t ive  cross  sec t ion  i s  i l l u s t r a t e d  i n  
Figure 2. A s e t  of t i s s u e  codes was devised based upon t h e  p r i n c i p l e  
t i s s u e  contained i n  each c e l l  and each cross  sec t ion  was s to red  i n  com- 
puter  memory as  a two-dimensional a r ray .  A p i c t o r i a l  view of a t y p i c a l  
cross sec t ion  i s  displayed i n  Figure 3. The in tege r s  present  i n  t h e  c e l l s  
f o r  t h i s  i l l u s t r a t i o n  ind ica te  l e t h a l i t y  scores.  

B. Description used f o r  Incapaci ta t ion  Studies 

For incapaci ta t ion  the  dimensions of  each g r i d  c e l l  a r e  .5cm x .5cm 
x 1.2cm i n  the  head and neck; throughout t h e  remainder of  t h e  body t h e  
dimensions a r e  .5cm x .5cm x 2.6cm. The contents  of each c e l l  i s  a 
t i s s u e  code which i s  an in tege r  i n  the  range (2-2001. The incapac i t a t ion  
es t imates  assigned by medical assessors  a r e  not p a r t  of t h e  t a r g e t  
desc r ip t ion  but can be cross  reforoncod wi th  t h e i r  associated t i s s u e  codes 
whenever a computation i s  required.  

C. Description Used f o r  Le tha l i ty  Studies 

For l e t h a l i t y  t h e  dimensions of  each c e l l  a r e  lcm x lcm x 1.2cm i n  the  
head and neck; throughout the  r e s t  of the  body the.dimensions a r e  lcm x 
lcm x 2.6cm. The contents  of each c e l l  i s  an assessor ' s  evaluat ion ,  an 
i n t e g e r  i n  the  range (1-10). 

D. Assembly of  Cross Sections 

A l l  a r r ays  a r e  grouped i n t o  a superse t  cons i s t ing  of 108 elements 
( s l i c e s ) .  Each a r r a y  cons i s t s  of  a number of  rows and columns. The row 
and column width i s  dependent on the  a r e a  of  each c ross  sec t ion  and t h e  
mesh of  each g r i d  used. By s tacking and a t t ach ing  each s l i c e  i n  .its 
properly r e l a t e d  pos i t ion ,  the  i n i t i a l  s e t  of 108 anatomical c ross  
sec t ions  given i n  reference  2 evolved i n t o  a three-dimensional model 



Figure 1. A Front  View o f  the  Computer Man I n d i c a t i n g  
the Approximate I n t e r v a l s  a t  which S l i c e s  
Were Taken i n  the Thorax and Abdomen 
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consis t ing  of 82 composite cross  sec t ions .  Figures 4 and 5 provide a 
v i s u a l  cha rac te r i za t ion  of  t h e  form t h e  Computer Man assumes when s to red  
i n  computer memory a s  a  three-dimensional a r ray .  The r i g h t  limbs were 
generated by merely r e f l e c t i n g  t h e  l e f t  limbs about the  cen te r  l i n e  of 
the  body. 

In s tacking the  s l i c e s ,  a  l i n e  of  o r i e n t a t i o n  was necessary t o  en- 
s u r e  t h a t  each cross  sec t ion  was al igned v e r t i c a l l y  with adjacent  cross  
sec t ions .  This was accomplished through benchmarks between s l i c e s .  In  
t h e  arms and l egs ,  la rge  bones served as  benchmarks. In the  head, 
smaller  s l i c e s  were arranged above and below o the r s  by t r e a t i n g  each 
s l i c e  a s  an e l ipso id  and matching t h e i r  r e l a t i v e  centers .  In t h e  t o r s o ,  
the  ver tebrae  was employed a s  a benchmark. A more accura te  procedure 
f o r  e s t ab l i sh ing  and u t i l i z i n g  benchmarks was not  poss ib le  s ince  cross-  
sec t iona l  anatomy d a t a  were prepared from a number o f  cadavers and body 
p a r t s  each o f  which d i f f e r e d  i n  he ight ,  weight, age, and cross-sec t ional  
a rea .  

Posi t ioning the Computer Man i n  Three-Dimensional Space 

The Computer Man can be p ic tu red  as  s tanding i n  a  right-hand coordi- 
n a t e  system a s  portrayed i n  Figure 6-A. I f  the  coordinate axes a r e  
ro ta ted  s o  t h a t  the  Computer Man can be viewed i n  h i s  prone pos i t ion ,  a s  
i l l u s t r a t e d  i n  Figure 6-8, the  Computer Man model s l i c e  desc r ip t ions  can 
be e a s i l y  in te rp re ted .  If  s l i c e s  a r e  cu t  p a r a l l e l  t o  t h e  xy plane, 
s t a r t i n g  a t  t h e  o r i g i n ,  the  first body c e l l s  encountered a r e  c e l l s  com- 
p r i s i n g  t h e  f e e t .  Thereby t h e  Computer Man was assembled f e e t  f i r s t  pro- 
gress ing  i n  the  +z d i r e c t i o n  u n t i l  t h e  t o t a l  configurat ion was complete. 

Appendix B l is ts  a s l i c e  by s l i c e  computer descr ip t ion  of the  in -  
capac i t a t ion  model derived by s u b s t i t u t i n g  a symbol f o r  each t i s s u e  code. 
Appendix A l ists the  symbolic i d e n t i f i c a t i o n  code, c ross  sec t ions  where 
t i s s u e s  a r e  located and physical  s t r u c t u r e  associa ted  with each t i s s u e  
code defined i n  the  model. 

Appendix C contains a  s l i c e  by s l i c e  computer desc r ip t ion  of t h e  
l e t h a l i t y  model. The ave3;age of  a l l  doctors '  evaluat ions f o r  the  one 
hour time frame is  given. , 

F. Computer Man Body Box 

The t a r g e t  ana lys i s ,  s p e c i f i c a l l y  t h e  r ay  t r a c i n g  rou t ines ,  was 
s impl i f i ed  by enclosing t h e  Computer Man i n s i d e  a rec tangular  box. The 
box i s  ca l l ed  the  body box and i t s  dimensions a r e  s l i g h t l y  l a r g e r  than 
those of t h e  Computer Man. The boundaries of t h e  body box a r e  defined 
by the  s i z e  of  t h e  three-dimensional a r ray ,  MAN(I,J,K). I t  i s  

* 
Slice  descriptions representing additional time frames ca-n be procured 
through the Target Assessment Branch, Vulnerability/lethaZity Division, 
BRL. 
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posit ioned e n t i r e l y  within the  f i r s t  quadrant with the  o r i g i n  serving a s  
one of  i t s  v e r t i c e s .  The c e l l u l a r  s t r u c t u r e  f o r  each Computer Man cross  
sec t ion  extends t o  the  edges of t h e  box. A s  a  r e s u l t ,  many c e l l s  a r e  
incorporated i n t o  the  Computer Man model which represent  a i r  space. 
These c e l l s  a r e  i d e n t i f i e d  with zeros. Each c e l l  within t h e  body box 
can be referenced i n  computer memory by a unique s e t  of 1 , J . K  coordi- 
na tes .  Since ray t r ac ing  i s  conducted i n  r e a l  space it i s  necessary t o  
have a r e a l  cha rac te r i za t ion  of t h e  model. The s p e c i f i c  dimensions of 
the  body box and body c e l l s  a r e  l i s t e d  f o r  both models i n  Table I .  

G .  Cross-Sectional Oddit ies  

1. - A r m s .  In viewing arm s l i c e s  of t h e  Computer Man, some pecu l i a r -  
i t i e s  a r e  apparent i n  both t h e  l e t h a l i t y  and incapaci ta t ion  models. I t  
appears t h a t  t h e  left  and r i g h t  arm s l i c e s  a r e  not equally spaced with 
respect  t o  t h e  torso .  One arm w i l l  appear t o  be merged with t h e  t o r s o  
while the  opposi te  arm w i l l  be separated from t h e  t o r s o  by two o r  t h r e e  
u n i t s .  The condit ion va r i e s  from s l i c e  t o  s l i c e  but i s  evident  on most 
of the  cross  sec t ions  taken i n  t h i s  region. There a r e  t h r e e  explana- 
t i o n s  f o r  t h i s .  

a .  The shoulder s l i c e s  do not  f i t  i n t o  t h e  g r i d  system i n  a 
symmetrical fashion.  Therefore the  arms a r e  misaligned r e l a t i v e  t o  one 
another  from t h e  i n i t i a l  poin t  where they a r e  at tached t o  t h e  shoulders. 

b. The arms a r e  i n t e n t i o n a l l y  r a i sed  s l i g h t l y  upward and outward 
from t h e  body t o  co r rec t  t h e  condition where the  hands would otherwise 
overlap t h e  h ips .  

c .  The t h i r d  reason l i e s  i n  the  c e l l s  comprising the  torso .  
The to r so  cross  sec t ions  a r e  not  a l l  of t h e  same column and row width, 
thus a f t e r  s tacking every body c e l l  on o r  adjacent  t o  t h e  perimeter on 
one s l i c e  does not  necessa r i ly  have a body c e l l  adjoined on the  s l i c e  
above o r  below it. 

2 .  Torso. The o u t l i n e  of c e l l s  which form t h e  perimeter  of  t h e  
Computer Man on each s l i c e  viewed may not  always look symmetrical; t h a t  
i s ,  some c e l l s  o r  a  number of consecutive c e l l s  may appear t o  be missing. 
Actual ly they a r e  no t .  The season f o r  t h i s  is  t h a t  the  en t i r e '  g r i d  
square i s  a l loca ted  even i f  only a small por t ion  of  body t i s s u e  would 
overlap t h e  edge of t h i s  square, and thus when t r a n s l a t e d  i n t o  i t s  
numeric o r  mosaic configurat ion,  produces a jagged perimeter.  This 
condit ion i s  pr imar i ly  evident  i n  t h e  to r so  sec t ion .  

F ina l ly ,  a s  s t a t e d  e a r l i e r ,  e r r a t i c  d i f f e rences  i n  physical  dimen- 
s ions  from s l i c e  t o  s l i c e  a r e  inherent  due t o  t h e  f a c t ,  t h a t  cross- 
sec t ions  taken from t h e  human anatomy were not a l l  taken from t h e  same 
man,but i n  f a c t  represent  a  number of  d i f f e r e n t  individuals .  The r e s u l t  
i s  a  Computer Man misaligned i n  some areas .  





I V .  COMPUTER MAN FILES 

A. Card Descript ion 

The i n i t i a l  s t e p  i n  s t o r i n g  doc to r s1  assessments was conducted by 
genera t ing  a card  f i l e .  This was done by copying t h e  doc to r s1  assess- 
ments f o r  each gr idded cross  s e c t i o n  provided onto card coding s h e e t s  
and i n  t u r n  onto punched cards .  

In  t h e  case of  i n c a p a c i t a t i o n ,  a card d e s c r i p t i o n  of t h e  Computer 
Man was no t  cons t ruc ted  because an accu ra t e  t a r g e t  d e s c r i p t i o n  a l r eady  
ex i s t ed .  However, t h e  scheme discussed he re ,  def ined  f o r  l e t h a l i t y ,  i s  
app l i cab le  t o  both models. 

A card f i l e  was generated by p l ac ing  t h e  arguments NUM and SIG on 
each card where: 

(1) NUM = s l i c e  number given i n  Eycleshymer and Schoemaker. 

(2) SIG = a code number denot ing t h e  type  o f  card  being read .  

-1 - denotes  a s e t  o f  pos i t i on ing  parameters.  

1 - denotes  t h e  f i r s t  23 e n t r i e s  t o  a given row fol low.  

2 - denotes  t h e  second 23 e n t r i e s  t o  a given row fol low.  

3 - denotes  t h e  t h i r d  23 e n t r i e s  t o  a given row fol low.  

4 - denotes  t h e  fou r th  23 e n t r i e s  t o  a given row follow. 

5 - denotes  t h e  f i f t h  23 e n t r i e s  t o  a given row fol low.  

The i n i t i a l  card  ( f i r s t  card)  which precedes each s l i c e  d e s c r i p t i o n  
conta ins  s i x  a d d i t i o n a l  arguments MNR, MXR, MNC, MXC, NCOL, NROW, which 
a s s i s t  i n  pos i t i on ing  t h e  scores  i n  t h e  mat r ix  A(1,J) t h a t  s t o r e s  each 
s l i c e  d e s c r i p t i o n  where: 

(3)  MNR = minimum row number i n  submatrix.  

(4) MXR = maximum row number i n  submatrix.  

(5) MNC = minimum column number i n  submatrix.  

( 6 )  MXC = maximum column number i n  submatrix.  

(7) NCOL = number of  columns i n  submatrix.  

(8) NROW = number of  rows i n  submatrix.  



Immediately following the  s l i c e  arguments a r e  the  scores  associa ted  
with the  g r i d  c e l l s  t h a t  a r e  present  on each row defined on t h e  c r o w  
sec t ion .  The cards which contain doctor assessments a r e  ca l l ed  score  
cards .  For a  f ixed g r i d  mesh t h e  number of score  cards necessary t o  
describe each individual  s l i c e  is  dependent on two fac to r s :  (1) t h e  
row and column width, and (2) t h e  1/0 format chosen. 

For any given s l i c e ,  score  cards a r e  arranged i n  t h e  f i l e  rowwise 
i n  accordance with the  following procedure. The card associa ted  with 
the  p o s t e r i o r  and l e f t  most por t ion  of  t h e  Computer Man was stacked i m -  
mediately behind t h e  f i r s t  card ( r e f e r  t o  Fig. 7) .  A l l  t h e  cards neces- 
sa ry  t o  describe the  back row follow consecutively u n t i l  t h e  r i g h t  most 
por t ion  of h i s  body i s  completed. For l e t h a l i t y ,  two cards a r e  s u f f i -  
c i e n t  t o  describe t h e  row with the  l a r g e s t  number of  e n t r i e s .  The next 
row and each subsequent row t h a t  follows were stacked i n  t h e  same manner 
u n t i l  t he  l a s t  card,  t h e  card pe r t a in ing  t o  the  f r o n t  row and r i g h t  most 
por t ion  of  h i s  body, was placed. The score  cards cons i s t  of only t h e  
codes which p e r t a i n  t o  body t i s s u e .  The remaising c e l l s  which a r e  scored 
as  zeros a r e  omitted. Each succeeding s l i c e  descr ip t ion  was then stacked 
i n  numerical order  behind i t s  predecessor u n t i l  a l l  s l i c e s  were f i l e d .  
The card format of cross  sec t ions  representing t h e  i n i t i a l  t h r e e  cuts  
taken i n  t h e  head is  i l l u s t r a t e d  i n  Fig. 8. The matrix i n  Fig. 9 i l l u s -  
t r a t e s  the  pos i t ioning of a  representa t ive  s l i c e  ( s l i c e  2) i n s i d e  t h e  
a r ray  A(1,J) using t h e  pos i t ioning parameters spec i f i ed  on t h e  f i r s t  card. 

In  bui ld ing t h e  Computer Man, s l i c e  pos i t ioning was d i f f i c u l t  be- 
cause each row of a  given s l i c e  var ied  i n  width. So t o  s impl i fy  mat ters ,  
t h e  charac ter  "B" was chosen t o  fill i n  c e l l s  i n  t h e  g r i d  mesh which d id  
not  contain anatomical t i s s u e ,  but  could be  used t o  square o f f  a sub- 
matrix, thus giving each row of a  given s l i c e  an equal number of c e l l s  
and each score  card an equal number of score  pos i t ions .  This technique 
f a c i l i t a t e d  pos i t ioning t h e  submatrix i n s i d e  A(1,J) .  

Four card f i l e s  were constructed,  one f o r  each time frame s t i p u l a t e d .  
Each card f i l e  was divided i n t o  N sec t ions  where N i s  t h e  number of  
separa te  doctors1  assessments provided f o r  each time frame. The sec t ions  
can be organized i n  various ways but f o r  assignment t o  d i s c  s torage  they 
must be grouped as  i l l u s t r a t e d  i n  Fig. 10. 

B. Tape Description 

Tabs were made of  t h e  card desc r ip t ion  and correc t ions  were entered 
when e r r o r s  were revealed.  The inspect ion  and correc t ion  process was 
continued u n t i l  an accura te  desc r ip t ion  was obtained. F inal ly ,  each card 
f i l e  was loaded onto magnetic t ape  f o r  permanent s torage .  

By s t o r i n g  t h e  t a r g e t  desc r ip t ion  on an a u x i l i a r y  pe r iphera l ,  such 
as  a  tape  o r  d i s c ,  and reading se lec ted  por t ions  i n t o  core, when needed, 
the  usage of t h e  Computer Man can be f u l l y  accommodated with reasonable 
e f f i c i ency .  





Figure 8 .  Card Format of Cross Sections Representing 
the Initial Three Cuts Taken in the Head 
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the Target M a t r i x  Using the  Spec i f i ed  Parameters 
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In e a r l y  d e s c r i p t i o n s  some doctors  extended t h e  range of  scor ing  
by us ing  0 a s  t h e  lowest l e t h a l i t y  score .  This  caused a  problem because 
no d i s t i n c t i o n  could be made between t h e  minimum l e t h a l i t y  s c o r e  and 
code designated t o  r ep re sen t  a i r  space.  To r e so lve  t h e  problem each 
d o c t o r ' s  assessment was increased  by 1, thus  s h i f t i n g  t h e  range of  scor -  
i ng  from 0-10 t o  1-11. Shor t ly  a f te rwards  t h e  minimum l e t h a l i t y  s c o r e  
was dropped. A t ape  t r a n s l a t i o n  program was w r i t t e n  t o  f a c i l i t a t e  t h e s e  
changes without having t o  punch new cards.  In  t h e  r ev i sed  e d i t i o n  t h e  
scores  range i n  va lue  (2-11) .  

The s t e p s  requi red  f o r  reading  each c ros s  s e c t i o n  of  t h e  Computer 
Man i n t o  computer memory from t a p e  a r e  o u t l i n e d  below: 

(1) f i n d  SIG. 

(2) zero A(1, J) . 

(3) read  i n  pos i t i on ing  parameters def ined  on f i r s t  card .  

(4) read  i n  codes and p o s i t i o n  submatrix i n  A(1,J) designated by 
MNR, MXR, MNC, MXC. 

Since s l  
Sec t ion  VI-A, 
a  r ight-hand 

. i c e  d e s c r i p t i o n s  were f i l e d  i n  t h e  manner d iscussed  i n  
t h i s  arrangement causes t h e  Computer Man t o  be loaded i n t o  

coord ina te  system a s  i l l u s t r a t e d  i n  Fig.  6-A.  

The fol lowing i n s t r u c t i o n s  reads  each s l i c e  i n t o  A(1,J) rowwise; 
where A(1,J) i s  equiva len t  i n t o  PLANEl(1,J). 

READ (4,OO) NUM,MNR,MXR,MNC,MXC 

2000 CONTINUE 

By merely r eve r s ing  t h e  o r d e r  i n  which row e n t r i e s  a r e  s t o r e d  i n  
PLANEl(1,J) t h e  Computer Man can be assembled i n  a  le f t -hand  coord ina te  
system. I f  t h e  l a t t e r  i s  chosen t h e  i n s t r u c t i o n s  r equ i r ed  t o  do t h i s  
would be a s  fo l lows:  



C .  Disc Description 

The B a l l i s t i c  Research Laboratory's Elec t ronic  S c i e n t i f i c  Computers 
(BRLESC I ,  11) have the  c a p a b i l i t y  t o  s t o r e  la rge  q u a n t i t i e s  of  da ta  on 
a d i r e c t  access d isc .  The advantage t h a t  d i s c  s torage  o f f e r s  i s  random 
access, i n  t h a t  se lec ted  por t ions  of information can be accessed 
d i r e c t l y  without reading over extraneous information which i n  tu rn  re -  
s u l t s  i n  l e s s  computer run time and improved program eff ic iency.  Tapes 
a r e  a form of sequent ia l  access and a r e  f i n e  f o r  permanent s to rage  but  
not  f o r  computational purposes. The user  i s  assigned a p r i v a t e  d i s c  
pick which i n  i t s e l f  has a mass s torage  capab i l i ty  i n  excess of 800,000 
words. The surfaces  of the  d i s c  a r e  divided i n t o  successive bands o r  
t r acks  each o f  which consis t  of  398 words. For software purposes t h e  
d i s c  can be divided i n t o  f i l e s  f o r  s torage  of separa te  programs o r  i n  
our  case, separa te  t a r g e t  descr ip t ions ,  and each f i l e  can be subdivided 
i n t o  records.  The length of each record cannot exceed 65,000 words and 
a l l  records must be of equal length.  

On account of the  l a rge  s i z e  of t h e  incapaci ta t ion  model and t h e  
number of separa te  time frames required f o r  t h e  l e t h a l i t y  model, more 
than one d i s c  pack i s  required t o  f i l e  the  descr ip t ions .  

Transfer r ing  the  Computer Man descr ip t ion  onto d i s c  r equ i res  the  
d e f i n i t i o n  of l e t h a l i t y  ar rays  cons is t ing  o f  (50x35~82) e n t r i e s  f o r  each 
of t h e  four  time frames s t i p u l a t e d .  To work within the  realm of 65,000 
words of  s torage  per  d i s c  record, the  Computer Man was divided i n t o  
th ree  records with 28 s l i ces / r ecord .  This generates 147,000 words of 
d i s c  s torage  (50x35~84) and incorporates two addi t ional  (dummy) s l i c e s  
i n  t h e  l a s t  record. 

For incapac i t a t ion ,  (110x55~82) e n t r i e s  a r e  required.  To s t o r e  a 
t a r g e t  descr ip t ion  o f  t h i s  s i z e  requi res  i n  the  order  of a ha l f  mi l l ion  
words. The number of s l i c e s  per  record must be lessened t o  accommodate 
a l a r g e r  g r i d  matrix, which i n  turn  increases  t h e  number of  records re-  
quired.  The choice o f  14 records,  a l l o t t i n g  s i x  s l i ces / r ecord ,  y ie lds  
a t o t a l  o f  84 s l i c e s  (82 r e a l  + 2 dummy). 

To generate d i s c  s torage  f o r  t h e  Computer Man t h e  following s p e c i f i -  
ca t ion  statements must appear i n  the  d i s c  load rout ines :  

INCAPACITATION: LETHALITY: 

DATA DISC2/10H55D22 CMAN/ DATA IDD/lOHSOD21 BODY/ 

DATA FILE2/10HINCAP BODY/ DATA IDF/lOHBODY / 

COMMON MAN2(110,55,6) NAME2(4) COMMON MAN (50,35,28) NAME (4)  



The fol lowing subrout ine  opens t h e  d i s c  and must appear  be fo re  any 
o t h e r  d i r e c t  access  d i s c  subrout ine  i s  used. 

CALL DISCDL (IDSC, IAVL, ICW, 'NEW DISC') 

(1) IDSC i s  t h e  1 /0  system u n i t  number. 

(2) IAVL i s  t h e  address  where t h e  program d i s c  l a b e l  i s  s t o r e d .  

(3) ICW is  t h e  name given t o  t h e  u s e r ' s  d i s c  pack. 

(4) 'NEW DISC' is  necessary  f o r  t h e  i n i t i a l  run whenever a new 
d i s c  pack is used; it must be removed from t h e  argument l i s t  
i n  succeeding runs.  

INCAPACITATION: CALL DISCDL(3,NAME2,DISC2,'NEW DISC') 

LETHAL I TY : CALL DISCDL (3,NAME,IDD,'NEW DISC') 

Before reading  o r  w r i t i n g  can begin t h e  d i s c  f i l e s  must f i r s t  be 
de f ined .  

CALL DISCDF (IFIL, LOR,NT, IAV,K) 

(1) IFIL - t h e  name given t o  t h e  f i l e .  

(2) LOF - l eng th  of each record  i n  t h e  f i l e .  

(3)  NT - number of d i s c  t r a c k s  r equ i r ed .  

(4) IAV - v a r i a b l e  a s soc i a t ed  with IFIL (dummy argument). 

(5) K - f l a g  which w i l l  permit o r  prevent  reading  o r  w r i t i n g  
from unwri t ten  records .  

INCAPACITATION: CALL DISCDF (FILE2,36300,1288,IDUMMY,O) 

LETHALITY : CALL DISCDF (IDF,49000,372,IDUMMY,O) 

In  o rde r  t o  read  o r  w r i t e  on t h e  d i s c  t h e  fo l lowing  subrout ines  
a r e  used: 

CALL DISCRD (IFIL, IF,NR,A) 

CALL DISCWT (IFIL, IR,NR,A) 

(1) IFIL - t h e  name given t o  t h e  f i l e .  

(2) I F  - t h e  record number where reading  o r  w r i t i n g  i s  t o  
s t a r t .  



(3) NR - t he  number o f  consecutive records t o  t ransmit .  

(4) A - the  memory address where reading o r  wri t ing begins. 

INCAPACITATION: CALL DISCDF (FILE2,RECORD,lSMAN2) 

CALL DISCWT (FILE2,RECORD,lSMAN2) 

record v a r i e s  (1  - 14) 

LETHALITY : CALL DISCRD (IDF,RECORD,l,MAN) 

CALL DISCWT (IDF,RECORD,l,MAN) 

record v a r i e s  ( 1  - 3) 

In cases where informati.on i s  t r ans fe r red  between two separa te  d i s c  
packs t h e  system subroutine DISCSU i s  needed and must precede each d i s c  
read o r  wr i t e  where a change i n  d i s c  packs occurs. 

CALL DISCSU (IDISC) 

where IDISC is  the  system u n i t  number f o r  t h a t  p a r t i c u l a r  d i sc .  

V. COMPUTER MAN PROGRAMS - LETHALITY 

A. Disc Load and Average Score Programs 

1. Discussion. The Disc Load program loads the  l e t h a l i t y  descrip-  
t i o n  of  t h e  Computer Man onto t h e  d i s c  from tape and p r i n t s  out  t h e  d i s c  
descr ip t ion  of  the  Computer Man i n  i ts  numeric representa t ion  f o r  each 
doc to r ' s  evaluat ion given f o r  a spec i f i ed  time frame. 

S l i c e  descr ip t ions  provided on cards and tape  a r e  arranged as  shown 
i n  Fig. 10. With respect  t o  time frames t h a t  r equ i re  add i t iona l  assess-  
ments, those assessments would follow i n  the  order  given. Fig. 11 i l l u s -  
t r a t e s  the  d i s c  layout  of the  Computer Man a f t e r  s p l i c i n g  and g r a f t i n g  
of s l i c e s  i s  performed. The d i s c  load program i s  comprised of sub- 
rou t ines  used t o  assemble, s t o r e  and output the  t a r g e t  descr ip t ion .  A 
desc r ip t ion  of each subroutine used i s  given. The system subroutines 
u t i l i z e d  on BRLESC a r e  no t  l i s t e d  i n  t h i s  r epor t  bu t  can be  referenced 
i n  t h e  BRLESC FORTRAN IV manual. Flow char t s  and programs complement 
the  documentation and a r e  included i n  Appendix D.  

The Average Score program averages t h e  individual  doctors '  evalua- 
t i o n s  f o r  each Computer Man c e l l  and loads t h e  average scores  back onto 
the  d i sc .  Subroutines (UNLOAD and OUTPUT) l i s t e d  i n  t h i s  sec t ion  per-  
form the e s s e n t i a l  functions of the  program. 

3. W. Lloyd Campbell, Glenn A. Beck, BRLESC I/II FORTRAN, Technical 
Report No. 5, Aberdeen Proving Ground, MD 1970. (AD #704343) 
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LAYOUT OF COMPUTER MAN ( LETHALITY ) 
SLICE NO. ANATOMICAL SECTlON DISC RECORD NO. 

(I -28 )  Legs 1 

Legs 
Legs, Arms 

Arms, Torso 

Arms, Torso 

Head 
Dummy Slices 

t e r  Man 



2. Main Routine. Defini t ion of symbols and matrices. 

M : posi t ion  i n  subroutine (PACK,UNPACK) t h a t  i s  being 
loaded o r  unloaded with a score.  I t  i s  synonymous 
t o  the  doctors t  i n t e r p r e t a t i o n  number, M = 1,2,3 

L: r e l a t i v e  d i s c  record number, L = l r 2 , 3  

K:  s l i c e  number within any record, K = 1-28 

NDE : number of doctor evaluations provided f o r  t h i s  
time frame. 

NTEST: sample se lec t ion  f l a g .  I f  t h i s  f l a g  i s  set, t h e  
scores s to red  on d i s c  i n  Vector (10) a r ray  a r e  
p r in ted  out f o r  a c e l l  with preassigned (I,J,K) 
coordinates. 

MAN(50,35,28): t a r g e t  matrix i n  which one-third (one record 
of the  Computer Man descr ip t ion f o r  an individual  
assessment)is s tored.  

PLANE1(50,35): work a r ray  containing the  s l i c e  by s l i c e  
descr ip t ion o f  the  Computer Man. 

PLANE2(50,35) : work array  necessary f o r  temporary storage of  
scores.  

VECTOR(l0): a r ray  u t i l i z e d  by subroutines (LOAD,UNLOAD) f o r  
s torage  of unpacked scores.  

PROCEDURE: I n i t i a l l y  t h i s  subroutine erases  each record f i l e  
before d i s c  wri t ing  begins. The c e l l  descr ip t ion of  t h e  Computer Man i s  
t r ans fe r red  from tape t o  d i s c  f o r  each doctors '  i n t e r p r e t a t i o n  (M) and 
proceeds a s  follows: The head, neck and upper por t ion  of  t h e  to r so ,  
s l i c e s  (1-26), a r e  read i n t o  a c t i v e  memory (PLANE1(50,35)) v i a  
(SUBROUTINE INPUT). Each i n t e g r a l  score i n  each s l i c e  descr ip t ion is  
packed i n t o  the  (M)th posi t ion  of a word (SUBROUTINE LOAD) and t h i s  
word i s  s to red  a s  an en t ry  i n  t h e  a r ray  MAN(50,35,28). The f i r s t  26 
s l i c e s  a r e  t r ans fe r red  t o  d i s c  and s to red  i n  t h e  highest  record on f i l e .  
This ac t ion  provides f o r  two dummy s l i c e s  required t o  complete the  
t h i r d  sec t ion.*  The i n i t i a l  por t ion  of t h e  second sec t ion ,  s l i c e s  
(27-44), i s  loaded onto d i s c  i n  t h e  same fashion a s  sec t ion  one was 
loaded. The remaining s l i c e s ,  s l i c e s  (50-113), a r e  desc r ip t ions  of the  
Computer Man's arms and legs and a r e  d e a l t  with i n  a d i f f e r e n t  fashion. 
A t  t h i s  point  t h e  p a r t i a l  d i s c  descr ip t ion of t h e  Computer Man i s  read 
back i n t o  core, one sec t ion  a t  a time, beginning with the  h ighes t  record. 

* 
the  terms section, record and cube are synonymous i n  useage. 



The arm and l e g  s l i c e s  which a r e  p re sen t  i n  each s e c t i o n  a r e  read i n  
from t ape ,  r e f l e c t e d  (SUBROUTINE REFLECTl,REFLECT2), t o  genera te  an 
i d e n t i c a l  s e t  of scores  r e l a t i n g  t o  t h e  oppos i te  arm and l eg ,  and 
f i n a l l y  a t t ached  t o  t h e  body segments t h a t  appear i n  t h e  same s e c t i o n  
(SUBROUTINE GRAFT). The s e c t i o n  c u r r e n t l y  loaded i n  core  i s  w r i t t e n  
back onto d i s c  and t h e  s e c t i o n  t h a t  follows i s  read  i n .  This  i s  done 
f o r  t he  t h r e e  s e c t i o n s  t h a t  conta in  the  man. The above procedure i s  
repea ted  u n t i l  a l l  doc tor  eva lua t ions  have been loaded. 

I t  i s  important t o  understand t h a t  t h e  h ighes t  d i s c  record  (3) 
must be loaded f i r s t ,  followed by d i s c  record  ( 2 )  and d i s c  record  (1) 
r e s p e c t i v e l y .  This  i s  necessary  t o  ensure t h a t  t h e  d i r e c t i o n  i n  which 
indexing i s  conducted i n  t h e  output  subrout ine  (Z=1,2,3, . . .  84) i s  i n  
agreement wi th  t h e  manner i n  which t h e  Computer Man i s  pos i t i oned  i n  
t h e  xyz coord ina te  system. 

3. Subrout ine LOAD. This  subrout ine  packs a l l  d o c t o r ' s  scores  
p e r t a i n i n g  t o  a p a r t i c u l a r  c e l l  i n t o  one word and s t o r e s  t h i s  word a s  
an e n t r y  i n  t h e  a r r a y  MAN(I,J,K). This  i s  done f o r  t h e  t h r e e  s e c t i o n s  
requi red  t o  desc r ibe  t h e  Computer Man. 

4. Subrout ine GRAFT. This subrout ine  is used t o  a t t a c h  t h e  Com- 
p u t e r  Man's arm and l e g  s l i c e s  t o  t h e i r  ad jo in ing  segments of  t h e  body. 
I t  can g r a f t  any s l i c e  onto another  s l i c e .  I f  an over lap  between body 
segments occurs  on any i n t e g r a t e d  s l i c e ,  t h e  more c r i t i c a l  s co re  i s  
kept .  

5 .  Subrout ine INPUT. This subrout ine  reads  t h e  card d e s c r i p t i o n  
of  t he  Computer Man from tape  and p l aces  it i n  a c t i v e  memory i n  a work 
a r r a y  PLANE1(50,35) f o r  manipulation and assignment onto d i s c .  When 
reading i s  completed t h e  c u r r e n t  s l i c e  number (NUM) i s  p r i n t e d  o u t .  
The arguments involved i n  reading  a r e  def ined  a s  fo l lows:  

(1) NUM = s l i c e  o r  p l ane  number. 

( 2 )  MRX = maximum number of  rows f o r  t h i s  s l i c e .  

( 3 )  MNR = minimum number of  rows f o r  t h i s  s l i c e .  

(4) MXC = maximum number o f  columns f o r  t h i s  s l i c e .  

(5) MNC = minimum number of columns f o r  t h i s  s l i c e .  

(6) PLANE1 (50,35) conta ins  t h e  doc tors  ' evalua t ion  f o r  each 
c e l l  on a given s l i c e .  

6 .  Subrout ine REFLECTl. This  sub rou t ine  r e f l e c t s  t h e  l e f t  arm 
s l i c e s  t o  genera te  r i g h t  arm s l i c e s .  The y a x i s  and t h e  l i n e  X=50 a r e  
used a s  r e f e rence  p o i n t s .  I t  i s  c a l l e d  each t ime a new arm s l i c e  i s  
read  i n .  



7.  Subroutine REFLECT2: This subroutine r e f l e c t s  t h e  l e f t  leg 
s l i c e s  t o  generate r i g h t  leg s l i c e s .  The y ax i s  and t h e  l i n e  X-50 a r e  
used a s  reference points .  I t ,  a l so ,  i s  ca l l ed  each time a new leg  
s l i c e  i s  read i n .  

8. Subroutine UNLOAD. This subroutine unpacks t h e  Computer Man 
descr ip t ion and is  used i n  conjunction with subroutine OUTPUT whenever 
a Computer Man pr in tou t  is  required. A l l  doctors t  evaluations assigned 
t o  each individual  c e l l  a r e  s to red  and packed i n  one word on disc .  The 
packed scores assacia ted  with each c e l l  a r e  expanded i n t o  an a r ray  
(VECTOR) with one evaluation per  word. The sceres  presented i n  t h i s  
aray a r e  averaged (rounded t o  the  neares t  in teger)  m d  t h i s  average 
score i s  s to red  i n  t h e  tenth  posi t ion .  A t  t h i s  point ,  i f  NTEST is s e t ,  
each score i n  VECTOR array  with c e l l  coordinates (15,15,15) a r e  p r in ted  
out i n  order t o  check individual  scores and v e r i f y  averaging calcula-  
t ion .  The scores i n  VECTOR a r e  repacked i n t o  one word and t h i s  en t ry  i s  
loaded back i n t o  MAN(50,35,28]. Subsequently, t h e  main rou t ine  w i l l  
t r a n s f e r  both t h e  individual  and average scores back onto d isc .  The 
average scores,  being representa t ive  of a l l  doctors1 assessments, a r e  
reserved f o r  u t i l i z a t i o n  i n  subroutine OUTPUT. 

Space i s  provided f o r  assignments of up t o  nine doctors1 evalua- 
t ions  f o r  each c e l l  defined. The only programing change required i s  t o  
update a data  card l i s t e d  i n  t h e  main program, /NDE/Cnumber of  doctors1 
evaluations) .  This change w i l l  c a lcu la te  t h e  correc t  average score  i f  
t h e  number of doctors '  evaluations increase.  The Computer Man con- 
f igura t ion  i s  constructed i n  th ree  dimensions i n  t h i s  fashion f o r  each 
cross sec t ion  of t h e  human matomy defined. This subroutine i s  ca l l ed  
th ree  times s ince  t h e  t a r g e t  descr ip t ion is assigned t o  th ree  records,  

9 .  Subroutine OUTPUT. This subroutine outputs  t h e  d i s c  descrip-  
t i o n  of t h e  Computer Man i n  numeric r e p ~ e s e n t a t i o n  on an xy plane f o r  
each s l i c e  defined. The t a r g e t  descr ip t ion i s  s tored on d i s c  i n  ex- 
panded r a t h e r  than compressed format a s  i s  on tape. Thus fiords used 
t o  ind ica te  a i r  space i n t e r n a l  t o  t h e  Computer Man box a r e  included and 
scored a s  zeros. 

Also, t h i s  subroutine s h i f t s  the  da ta  such t h a t  t h e  scores can be 
p r in ted  out  i n  the  range indicated  i n  Table 11.  



Table I 1  

Value S tored  
on Disc 

Computer Man 
L i s t i n g  

Blank 

1 -> minimum sco re  

2 

3 

4 

5 

6 

7 

8 

9 

0 -> maximum score  

This  can be accomplished e a s i l y  i f  t h e  converted sco res  a r e  t r a n s l a t e d  
i n t o  t h e i r  cha rac t e r  r ep re sen ta t ion  and p r i n t e d  out  under A2 format.  
Care must be u t i l i z e d  i n  c a l c u l a t i n g  (K), t h e  p o i n t e r  t o  t h e  numeric 
l i s t  where cha rac t e r  e n t r i e s  a r e  s to red .  If erroneous d a t a  i s  t r a n s -  
f e r r e d  onto d i s c  due t o  missed punched cards ,  an exceedingly l a r g e  
index could r e s u l t  which would po in t  t o  a  l oca t ion  ou t s ide  the  boundary 
of t h e  cha rac t e r  a r r a y  r e s u l t i n g  i n  erroneous output .  Therefore it i s  
e s s e n t i a l  t o  check t h e  va lue  of K t o  ensure t h a t  it i s  wi th in  l i m i t s .  

I t  i s  important  t o  n o t e  t h a t  i n  t h i s  subrout ine  f o r  t h e  Computer 
Man t o  be assembled i n  i t s  c o r r e c t  pe r spec t ive  i n  r e f e rence  t o  t h e  xy 
a x i s ,  a l l  DO loops t h a t  con t ro l  ou tput  must decrement i n s t e a d  of  i nc re -  
ment. This  i s  done t o  compensate f o r  t h e  f a c t  t h a t  t h e  l i n e p r i n t e r  
cannot s t a r t  p r i n t i n g  a t  t h e  bottom of  a  page and work up, only from 
t h e  top and work down. 

B .  Change Value Program 

1. Discussion.  The change va lue  program was w r i t t e n  t o  modify 
e n t r e e s  i n  t h e  d i s c  d e s c r i p t i o n .  I t  should be used when t h e  number of  
scored c e l l s  t h a t  r e q u i r e  modi f ica t ion  a r e  r e l a t i v e l y  few. I t  i s  a  
convenient t o o l ,  p a r t i c u l a r l y  i n  cases  where doc tor  i n t e r p r e t a t i o n s  a r e  
missing ( p r i n c i a p l l y  wi th  c e l l s  comprising t h e  per imeter  of  t h e  to r so )  
and where erroneous d a t a  is  de tec ted .  The maximum number of  p o i n t s  
t h a t  t h i s  program can accommodate i s  10; bu t  t h e  program can be e a s i l y  



modified t o  accomm~date a l a rge r  number of  c e l l s ,  I f ,  however, it i s  
desired t o  modify e n t i r e  s l i c e s  it is more p r a c t i c a l  t o  make the  neces- 
sa ry  correc t ions  i n  the  card descr ip t ioq and rerun the  l e t h a l i t y  d i s c  
load program, 

2 .  Main Routine. Inputs required: 

MAXPTS : t o t a l  number of po in t s  t o  be modified. 

DOCINT(10): docfor i n t e r p r e t a t i o n  nyplbers. 

IREC (10) : r e l a t i v e  record numbers (1- 3) . 
ISLICE(10) : s l i c e  numbers (1-82) ; i . e , ,  K-coordinates. 

NEWVAL(10) : value of new scores (1-10). 

IX(10) : I-coordinate qssociated with each modified scorq. 

I Y  (10) : J - c o ~ r d i n a t e  associated with each podified score. 

The input parameters a re  spec i f i ed  i n  da ta  sfatements; as such 
read and format statements a r e  no? necessary. 

Matrices required: 

MAN(50,35,28): Computes van sec t ion  cur ren t ly  16acjedl 

PLANE2(50,35): w ~ r k  a r ray  associated with s r i $ i n a l  s l i c e .  

PLANE (SO, 35) : work a r ray  t h a t  contains updated value.  

A l ist  of program ins t ruc t ions  t o  be executed f o r  escb score  re-  
qui r ing modification is  given a s  follows: 

(1) u t i l i z i n g  da ta  input ,  read i n  eorreCt disc  rqvord. 

(2)  s t o r e  s l i c e  number, doctor i n t e r p r e t a t i o n  number, and (1,J) 
coordinates f ~ r  subsequent use. 

(33 unpack doctor3 score from MAN(1 ,J, K) . 
(4) s t o r e  i n  output buffer  (PLANE (I,  J) ) , 

(5) p r i n t  out  s l i c e  descr ip t ion with a r i g i p a l  score.  

(6) increment updated score.  



( 7 )  P r i n t  out  s l i c e  d e s c r i p t i o n  with updated score.  

(8) Load t a r g e t  matr ix ,  MAN(I,J,K) back onto d i s c .  

When t h e  loop, (DO 100 N-1, MAXPTS) has been completed a l l  sco res  
i npu t  have been modified. Program flow c h a r t s  and l i s t i n g s  a r e  provided 
i n  Appendix D. 

3. Subrout ines .  The subrout ines  used i n  t h i s  program (LOAD, UNLOAD, 
OUTPUT) a r e  d u p l i c a t e s  of t h e  subrout ines  used i n  t h e  l e t h a l i t y  d i s c  
load program and t h e r e f o r e  w i l l  no t  be d iscussed  h e r e .  

C .  Tape Trans l a t ion  Program 

1. General. The purpose of  t h e  t ape  t r a n s l a t i o n  program i s  t h ree -  
f o l d .  I t  converts  t he  t ape  image of t h e  card d e s c r i p t i o n  of t h e  Computer 
Man i n t o  a  more acceptab le  form f o r  d i s c  s to rage .  I t  t e s t s  f i r s t  card  
parameters f o r  cons is tency  and makes co r r ec t ions ,  when e r r o r s  a r e  de- 
t e c t e d  and can be cor rec ted .  I t  conta ins  provis ions  which allow cor-  
r e c t i o n s  t o  be input  by t h e  programmer. 

2. Inputs .  The fol lowing co r rec t ion  cards  apply when co r rec t ions  
a r e  t o  be inpu t  by t h e  programmer. I f  co r r ec t ions  a r e  necessary,  s e t  
CORRECTION = . TRUE . .  A s i n g l e  co r r ec t ion  card w i l l ,  be  included f o r  
each l i n e  t h a t  r e q u i r e s  a  change. I f  it i s  necessary t o  change a  f i rst  
card parameter,  then  two cards  a r e  r equ i r ed  a s  ou t l i ned  below. 

CARD 1 INDEXl, INDEX2, ITEM, JUMP, INDEX3 

Format (51 5) 

INDEX1 - t h e  s l i c e  number t o  be changed. 

INDEX2 - argument index number on t h e  sco re  card.  

ITEM - t h e  new va lue  it i s  t o  assume. 

JUMP - t h e  l i n e  number r e l a t i v e  t o  t h e  previous  f i r s t  card ,  
i . e . ,  f irst  card = 1. 

INDEX3 - a c t i o n  f l a g .  

INDEX3=8 - change a  s i n g l e  en t ry .  . 
INDEX3=9 - i n s e r t  a  new f i r s t  card descr ibed by t h e  

next  card.  

CARD 2 ROW(1) , I=1 ,8  

Format (13,1Z9414,4X,214) 



INDEX3=10 - apply no more correc t ions  

3. Defini t ions of Variables and Matrices. 

ROW(I),I=1,25 - t h i s  a r ray  contqins s l i c e  data. 

I f  the  card ~ e a d  i s  a f i r s t  card then the  following i s  t r u e :  

 ROW(^) - s l i c e  number (1-113) 

ROW (3)  - s t a r t i n g  row number 

ROW(4) - f in i sh ing  row nqmber 

ROW(5) - s t a r t i n g  c a l m  number 

ROW(6) - f in i sh ipg  c o l m  number 

ROW(7) - number of columns 

ROW(8) - number of rows 

ROW (9) - unused 

ROW(25) - unused 

I f  the  card read is  a por t ion o f  t h e   ell descr ip t ion then 
the  following is  t rue :  

ROW(1) - s l i c e  number (1-113) 

ROW(3) - l e t h a l i t y  score 

ROW(25) - l e t h a l i t y  score 

NEWROW ( I ) ,  I=1,8 - th i s '  a r ray  contains t h e  f i r s t  card e n t r i e s  
input  by the  p rogramer .  

KARD - the  number of l i n e s  [score cards) read f o r  a gives  
cross s e c t i o n ,  



NUMCARDS - number o f  even ca rds  f o r  a  g iven  row d e s c r i p t i o n  
(an even card  c o n s i s t s  of a f i l l  23  e n t r i e s ) .  

RES - number of  l e f t  over  e n t r i e s  f o r  a  g iven  row d e s c r i p t i o n  
(1-22) .  

CORRECTION - c o r r e l a t i o n  f l a g  i n d i c a t o r .  If  c o r r e c t i o n s  a r e  t o  
be e n t e r e d  CORRECTION i s  s e t  t o  TRUE. 

FLAG - c o r r e c t i o n  completion f l a g .  When FLAG = TRUE a l l  
c o r r e c t i o n  ca rds  have been r ead .  

4.  Procedure.  Each s l i c e  d e s c r i p t i o n  i s  read  i n  from t h e  i n p u t  t a p e  
con ta in ing  t h e  card  d e s c r i p t i o n  o f  t h e  Computer Man. Tape r ead ing  i s  
performed on a  l i n e  by l i n e  b a s i s  inasmuch as t h e r e  i s  a  one t o  one co r r e s -  
pondence between ca rds  i n  t h e  card  f i l e  and l i n e s  i n  t h e  t a p e  f i l e .  

The s t a t u s  o f  CORRECTION i s  an i n p u t  parameter .  FLAG i s  i n i t i a l i z e d  
FALSE i n  t h e  program. 

The program p r i n t s  t h e  heading f o r  t h e  output  l i s t i n g  i n  t h e  
fo l lowing  format .  

'ROW AND COLUMN ARE A CHECK ON THE PARAMETERS THAT POSITION THE SUB- 
MATRIX WITHIN THE SLICE' 

'THIS PROGRAM EDITS THE FIRST CARD PARAMETERS' 

I f  changes i n  t h e  s l i c e  arguments o r  c e l l  d e s c r i p t i o n  a r e  t o  be 
made, c o r r e c t i o n  ca rds  a r e  read  i n  a t  t h i s  p o i n t .  

The p o s i t i o n i n g  parameters  on each f i r s t  ca rd  e n t r y  a r e  t e s t e d  by 
us ing  t h e  fo l lowing  s e t  o f  a l g e b r a i c  equa t ions .  

TEMP = ROW (8) -ROW (4) +ROW (3 )  -1 (row count)  . 

TEMP = ROW (7) -ROW (6) +ROW (5) - 1 (column count) . 
The e r r o r  (TEMP)-of each row and column count i s  c a l c u l a t e d  and 

p r i n t e d  out  i n  t h e  fo l lowing  manner: 

'SLICE' K 'ROW COUNT OFF BY' TEMP. 

'SLICE' K 'COLUMN COUNT OFF BY' TEMP. 

Where K i s  equal  t o  t h e  s l i c e  number s p e c i f i e d  i n  ROW(1) and TEMP 
i s  t h e  amount (more o r  l e s s ) , t h e  c a l c u l a t e d  row and column counts  d i f f e r  
from t h e  va lues  s p e c i f i e d  i n  ROW(7) and ROW(8). I f  TEMP i s  nega t ive ,  



t h e  f i n i s h i n g  row o r  colurnn must have t h e  abso lu te  value of t h e  e r r o r  
added t o  it; i f  p o s i t i v e ,  t h e  d i f f e r e n c e  i s  sub t rac ted  from i t .  This 
f e a t u r e  i s  important inasinuch a s  t h e  p o s i t i o n i n g  parameters c o n t r o l  how 
t h e  Computer Man i s  stacked.  An e r r o r  i n d i c a t e s  t h e  p o s s i b i l i t y  t h a t  
a  row o r  column would be shaved o f f  t h e  c ross  s e c t i o n  when it  i s  read  
i n t o  A(1,J) .  The f i n i s h i n g  row and column parameters a r e  co r rec ted ,  
i f  i n  e r r o r .  The number of even cards (NUMCARDS) a r e  c a l c u l a t e d  f o r  a  
given row i n  t h e  s l i c e  d e s c r i p t i o n  along wi th  t h e  number of l e f t  over  
e n t r i e s  (RES). NUMCARDS and RES a r e  cons tant  f o r  a l l  rows def ined  on 
a  given s l i c e .  A t  t h i s  po in t  a  check i s  made t o  see  i f  any d e f a u l t  
condi t ions  e x i s t .  Default condi t ions  a r e  defined a s  fol lows:  

( 2 )  The c a l c u l a t e d  number of score  p o s i t i o n s  does no t  agree 
with t h e  s p e c i f i e d  number given i n  ROW(7). 

A d e f a u l t  condi t ion  w i l l  p r i n t  o u t  an e r r o r  message i n  t h e  f o l -  
lowing format and te rminate  execution of t h e  program. 

ITEM: xxxERRORxxxCARD CHECK - 
COMPUTED NUMBER OF ENTRIES - 

.INPUT NUMBER OF ENTRIES - ON SLICE - 
COMPUTER NUMBER OF CARDS - WITH - LEFTOVER 

I f  a  d e f a u l t  condi t ion  does n o t  e x i s t  t h e  fol lowing message i s  
p r i n t e d  i n d i c a t i n g  t h a t  t h e  s l i c e  arguments a r e  acceptable .  

'NUMBER OF EVEN CARDS PER ROW (NUMCARDS) WITH RES LEFT OVER' 

The program proceeds t o  read  i n  t h e  succeeding sco res  a s soc ia t ed  
with t h e  f i r s t  card parameters i n  ques t ion .  I f  a  co r rec t ion  i s  i n d i -  
ca ted  f o r  a  sco re  pos i t ioned  on t h e  l i n e  c u r r e n t l y  being read ,  it i s  
i n s e r t e d  a t  t h i s  p o i n t .  

Each s c o r e  i s  converted from i t s  c h a r a c t e r  r e p r e s e n t a t i o n  t o  i t s  
i n t e g e r  r ep resen ta t ion  v i a  (DECODE) and incremented. This  s h i f t s  t h e  
range a f  sco res  t o  (2-11). Also, it i s  necessary  a t  t h i s  p o i n t  t o  
remove each ' B ' ,  o therwise when read i n t o  BRLESC memory a  -23 would 
appear i n  t h e  word p o s i t i o n  where each ' B '  occurred causing d i f f i -  
c u l t i e s  i n  loading t h e  c e l l  d e s c r i p t i o n  onto d i s c .  Therefore ' B '  i s  
converted t o  0. A s  each l i n e  i s  completed t h e  converted ve r s ion  i s  
w r i t t e n  onto t h e  output  t ape .  

The output  t a p e  should be tabbed f u l l y  t o  check f o r  d i sc repanc ies .  
If e r r o r s  a r e  de tec ted ,  a  s e t  of  co r rec t ion  cards should be made and 
t h e  program should be run with CORRECTION equal .TRUE.. 



D. Computer Man Delineat ion Program 

1. General. There a r e  many in s t ances  i n  personnel  v u l n e r a b i l i t y  
s t u d i e s  where our  i n t e r e s t  i s  focused around v i t a l  organs o r  reg ions  of 
t h e  body a p a r t  from t h e  body a s  a  whole. An example is  t h e  design of 
helmets where improved p r o t e c t i v e  c h a r a c t e r i s t i c s  could u l t i m a t e l y  r e -  
duce c a s u a l t i e s  r e s u l t i n g  from head i n j u r i e s .  In  applying t h e  Computer 
Man modeling technique,  we would only be concerned wi th  t h e  r ays  which 
pene t r a t e  t he  head s l i c e s  of t h e  Computer Man. This  program was w r i t t e n  
f o r  t h i s  purpose. I t  d e l i n e a t e s  any d e s i r e d  reg ion  of  any given dimen- 
s i o n s  i n s i d e  t h e  body box and loads only t h e  de l inea t ed  region onto a  
new d i s c  f i l e .  A modif icat ion o f  t h e  ray  t r a c i n g  program (RAYMAN) w i l l  
a s s e s s  t h e  d i s c  f i l e  conta in ing  t h e  modified Computer Man desc r ip t ion .  
Any number o f  s e c t i o n s  can be used t o  approximate t h e  des i r ed  region 
with two r e s t r i c t i o n s :  (1) t h e  coord ina tes  chosen f o r  eaah s e c t i o n  must 
def ine  t h e  v e r t i c e s  of  a  r ec t angu la r  box, and ( 2 )  i n  genera t ing  each 
s e c t  ion : 

2 .  Inpu t s .  

CARD 1 NUM, ISECT, ISL 

NUM - t h e  number o f  r ec t angu la r  blocks requi red  t o  cons t ruc t  
t h e  de l inea t ed  reg ion .  

ISECT - t h e  number of d i s c  records which comprise t h e  Computer 
Man. 

ISL - t he  number of s l i c e s  p e r  record .  

Format (31 3) 

CARD 2 11, 12, J1, 52 ,  K 1 ,  K2 

CARD (NUM+l) 

I1 - minimum x coordinate  

I 2  - maximum x coord ina te  

J1 - minimum y coord ina te  



52 - maximum y coordinate 

K 1  - minimum z coordinate 

K2 - maximum z coordinate 

Format (61 3) 

Note: f o r  NUM > 1 the  cards must be stacked i n  ascending order  
with respect  t o  z coordinates. 

3 .  Arrays and Variables. 

KMAX - the  l a s t  de l ineated  s l i c e  i n  a sec t ion .  

KMIN - t he  f i r s t  de l ineated  s l i c e  i n  a sec t ion .  

NSLICE(N),N=1,14 - each locat ion  i n  t h i s  a r ray  contains t h e  
number of de l ineated  s l i c e s  present  i n  each 
sec t ion .  

KNUM(N) , N = l ,  1 4  - each locat ion  i n  t h i s  a r ray  contains the  
address ( s l i c e  number) where de l ineat ion  s t a r t s  
r e l a t i v e  t o  t h e  beginning of each sec t ion .  I t  
i s  synonymous i n  meaning t o  KMIN. 

KMRl(N),N=1,84 - t h i s  a r ray  i s  used t o  designate which s l i c e s  of 
the  Computer Man a r e  de l ineated .  

KMRZ(N),N=1,84 - t h i s  a r ray  i s  used t o  designate where sec t ion  
boundaries occur. 

N l ( I , J , K )  - Computer Man array .  

4. Main Program. I n i t i a l l y  t h e  a r rays  KNUM, NSLICE, KMR1, KMR2 and 
the  d i s c  f i l e  reserved f o r  t h e  modified Computer Man desc r ip t ion  a r e  
erased.  The program reads t h e  input  defined on Card 1 which 
defines t h e  upper l i m i t  (NUM) f o r  indexing del ineated  regions.  The pro- 
gram reads i n  t h e  card containing the  coordinates f o r  t h e  f i r s t  de l ine-  
a ted  sec t ion .  The contents  of WUM, NSLICE, KMR1, KMR2 a r e  ca lcula ted  
(Subroutine CALSCE) and p r in ted  ou t .  The c e l l s  which f a l l  wi th in  the  
region defined by 11, 12, J1, 5 2  i nc lus ive  a r e  loaded i n t o  MANl(I,J,K) 
f o r  each s l i c e  t h a t  i s  de l ineated  within the  sec t ion  cur ren t ly  i n  core.  
The maximum and minlimum values of  K (KMAX, WIN) which def ine  the  s l i c e  
boundaries f o r  each sec t ion  a r e  r e t r i e v e d  from KNUM and NSLICE. A l l  DO 
loops w i l l  be executed once ifi t he  upper and lower l i m i t s  a r e  equal .  
The record cur ren t ly  loaded i n  core is t r a n s f e r r e d  t o  i t s  proper locat ion  
i n  the  new d i s c  f i l e .  



The procedure is  repea ted  u n t i l  t h e  number of i npu t  ca rds  read  con- 
t a i n i n g  s e c t i o n  boundary coord ina t e s  i s  equal  t o  t h e  number of  de f ined  
s e c t i o n s  (NUM). A s l i c e  by s l i c e  d e s c r i p t i o n  of  t h e  d e l i n e a t e d  v e r s i o n  
of t h e  Computer Man model i s  p r i n t e d  o u t .  

5 .  Subrout ine  CALSE. This  sub rou t ine  s e t s  s l i c e  markers i n  KMRl 
and s e c t i o n  boundary markers i n  KMR2. The number of  d e l i n e a t e d  s l i c e s  
(KCOUNT) which a r e  p r e s e n t  i n  each s e c t i o n  w i t h i n  t h e  r eg ion  de f ined  by 
K2-K1 a r e  counted and t h e  r e l a t i v e  address  i n  each s e c t i o n  (KN) where 
t h e  f i r s t  d e l i n e a t e d  s l i c e  occurs  i s  s t o r e d .  

6. Subrout ine  INSERT. This  sub rou t ine  i n s e r t s  t h e  va lues  (KCOUNT 
and KN) c a l c u l a t e d  i n  sub rou t ine  CALSCE i n  t h e  a r r a y s  KNUM and NSLICE. 
KSECT p o i n t s  t o  t h e  p o s i t i o n  i n  KNUM and NSLICE where KCOUNT and KN a r e  
s t o r e d .  KCOUNT and KN a r e  i n i t i a l i z e d  be fo re  t r a c k i n g  begins  i n  t h e  
nex t  s e c t i o n .  This  sub rou t ine  i s  c a l l e d  each t ime a  s e c t i o n  c r o s s i n g  
occurs  provided t h e  s e c t i o n s  f a l l  w i t h i n  t h e  d e l i n e a t e d  r eg ion .  

E .  I n s t r u c t i o n s  f o r  Using L e t h a l i t y  Programs 

1. Generate a  card  f i l e  a s  desc r ibed  i n  IV-A. 

2-A. Load t h e  card  f i l e  on to  t a p e .  

2 - B .  Txb t h e  t a p e  ve r s ion  o f  t h e  ca rd  d e s c r i p t i o n  and c o r r e c t  
e r r o r s  i n  t h e  card  f i l e .  

2-C. Reload card  f i l e  on to  t a p e .  

3 -A.  Using t h e  t a p e  ve r s ion  o f  t h e  card  d e s c r i p t i o n  a s  i npu t  and 
a  second t a p e  a s  o u t p u t ,  run  t h e  t a p e  t r a n s l a t i o n  program wi th  
t h e  c o r r e c t i o n  s t a t u s  f l a g  set.FALSE.. 

3-B. Tab out  t a p e  f u l l y .  I f  e r r o r s  a r e  d e t e c t e d ,  r e run  program 
wi th  c o r r e c t i o n  cards  i n s e r t e d  and t h e  c o r r e c t i o n  s t a t u s  f l a g  
s e t  .TRUE.. 

4 .  With t h e  t a p e  con ta in ing  t h e  t r a n s l a t e d  v e r s i o n  of  t h e  card  
d e s c r i p t i o n  as input , .  run t h e  d i s c  load program. Examine 
i n d i v i d u a l  d o c t o r ' s  eva lua t ions .  

5 .  I f  e r r o r s  e x i s t ,  run t h e  change va lue  program t o  c o r r e c t  e r r o r s  
i n  eva lua t ions .  

6 .  Run average s c o r e  program. 

7. I f  an examination o f  body p a r t s  i s  r e q u i r e d ,  run Computer Man 
d e l i n e a t i o n  program. 



V I .  COMPUTER MAN PROGRAMS - INCAPACITATION 

The programs which comprise t h e  i n c a p a c i t a t i o n  s e c t i o n  involve 
t r a n s l a t i n g  the  incapac i t a t ion  model i n t o  a form analogous t o  t h e  
l e t h a l i t y  model and rede f in ing  the  d i s c  f i l e  s t r u c t u r e  t o  reduce d i s c  
access time. 

The incapac i t a t ion  s e c t i o n  c o n s i s t s  o f  t h e  fol lowing t h r e e  programs, 
Model Reposi t ioning,  Foot S l i c e  Addit ion,  and Mosaic P r i n t o u t .  * The 
flow c h a r t s  and l i s t i n g s  a s soc ia ted  with t h e s e  programs a r e  l i s t e d  i n  
Appendix D.  

A. Model Reposi t ioning 

1. Discussion. Unlike t h e  l e t h a l i t y  model which was generated i n -  
house, t h e  i n c a p a c i t a t i o n  model was generated e a r l i e r  aqd was based upon 
t h e  c a s u a l t y  c r i t e r i a  described by Allen and Sperrazza.  The source of  
t h e  model was a t a p e  c o n s i s t i n g  o f  codes which i d e n t i f i e d  anatomical 
t i s s u e s .  These codes were organized on tape  i n  accordance with t h e  t a p e  
d e s c r i p t i o n  generated f o r  l e t h a l i t y  a s  o u t l i n e d  i n  Sect ion  I V .  The 
o r i g i n a l  program which assembled and loaded t h e  i n c a p a c i t a t i o n  man ,onto 
d i s c  pos i t ioned  t h e  Computer Man s tanding i n  a  le f t -hand coordinate  
system. This  program repos i t ions  t h e  Computer Man t o  match t h a t  o f  t h e  
l e t h a l i t y  model (r ight-hand coordinate  system) and i n  doing s o  enable 
t h e  mod31 t o  i n t e r f a c e  with t h e  s h o t l i n e  t r a c e  program (RAYMAN) developed 
by BRL. In add i t ion  the  f i l e  and record lengths  were redef ined t o  
reduce t h e  1 /0  requi red  by RAYMAN. 

Def in i t ion  of  Matrices.  

WORK(55,llO) - work a r rays  a s soc ia ted  with o r i g i n a l  model 
WORKl(55,llO) requi red  f o r  manipulation and s to rage  of  codes. 

MANl(55,llO) - t a r g e t  matr ix  a s soc ia ted  with o r i g i n a l  model. 

WORK3(110,55) - work a r r a y  assoc ia ted  with reconst ructed  model. 

- * 
!l%e "Model Repositioning" and "Foot S l ice  Addition" programs are special 
purpose programs; therefore, i f  future incapacitation models were t o  be 
constmtcted using the nethod defined for l e tha l i t y  i n  Section I V ,  theey 
would not be required. 

* *  F.  Allen and J .  Sperrasza, "New Casualty Cri teria for Womding by 
Fragments, B a l l i s t i c  Research Laboratories Report' No. 996, 1956. fC0h71?) 
(AD #137681) 

5. 
W .  B. Beverly, "RAYMAN: A FORTRAN Computer Code for Tracking Rays imhrough 
a DetaiZed Bwnan Phantom," USA ARRAGCOM B a l l i s t i c  Research Laboratory 
Report No. ARBRL 2030, Nov 1977. (AD #A051057) 



MAN (55,110,6) - t a r g e t  matrices associa ted  with reconstructed 
MAN2(110,55,6) model. 

3. Procedure. The o r i g i n a l  c e l l  descr ip t ion  is  read i n  from d i s c  
and s tored  i n  MANl(55,llO). Each s l i c e  descr ip t ion  i s  read individ-  
u a l l y  because each s l i c e  was assigned separa te  records i n  t h e  o r i g i n a l  
model. A new work a r ray  WORK1 (55,110) i s  loaded with the  c e l l  descrip-  
t i o n s  contained i n  MAN1; i n  loading t h i s  a r ray  indexing i s  conducted 
i n  t h e  J dimension i n  reverse  order .  Next, WORKZ(55,llO) i s  loaded 
from WORKl(55,llO) with indexing conducted i n  t h e  I dimension i n  reverse  
order .  Reversing the  loading order  of t i s s u e  codes i n  both t h e  I and J 
dimensions, i n  e f f e c t ,  faces  the  Computer Man i n  t h e  opposi te  d i r e c t i o n .  

The second s t e p  required i s  t o  i n v e r t  t h e  Computer Man. This i s  
done by revers ing  the  stacking order .  Concurrently, the  s l i c e  descr ip-  
t ions  a r e  regrouped and buffered i n  the  a r ray  MAN(55,110,6) where 
55x110~6 def ines  the  s torage  capaci ty  required f o r  one record i n  t h e  
t r a n s l a t e d  version.  The following char t  r e l a t e s  the  d i s c  f i l e  s t r u c t u r e  
of the  reconstructed and o r i g i n a l  models. 

Table 3 

DISC FILE CONVERSION CHART 

RECORDS I 

Note: A s  i l l u s t r a t e d  the  new model i s  composed o f  14 sec t ions  (records) 
a s  opposed t o  76; each record cons i s t ing  of s i x  s l i c e s .  

The t h i r d  s t e p  required i n  t h e  transformation is t o  r o t a t e  the  
Computer Man 90 degrees ins ide  the  f i r s t  quadrant.  This is accomplished 
by interchanging t h e  (1 ,J )  coordinates of each en t ry  i n  the  a r ray  
MANl(J,I,K), whereby t h e  contents  of each record assumes t h e  form 
designated by MAN(1, J ,  K) . 

Each record i n  t h e  new f i l e  is  constructed i n  t h i s  fashion. However, 
s ince  82 s l i c e s  represent  the  Computer Man, 84 defines t h e  f i l e ,  it is 
necessary t o  s h i f t  t h e  Computer Man s i x  s l i c e s  i n  t h e  - 2  d i r e c t i o n  a f t e r  
the  l a s t  record i s  loaded. This move w i l l  incorporate two dummy s l i c e s  



above the head and stand the man flush on the xy plane. Provisions are 
included in defining the model which will allow for six additional foot 
slices to be added. Also, the program prints out each slice description 
of the reconstructed model by calling subroutine MOSAIC. Fig. 12 illus- 
trates the disc structure of the incapacitation model after transforma- 
tion is completed. 

B. Foot Slice Addition 

1. Description. The original incapacitation model derived in VI-A. 
was constructed without feet due to the fact that cross sections (108- 
113) were not derived from cuts taken parallel to the xy plane. However, 
a soldier's mobility is of vital concern to infantry vulnerability 
analyses, thus it was deemed essential to consider the effect of wounds 
received in this region in our study. 

The Foot Slice Addition program was written for this purpose. It 
attaches the foot slices provided by Eycleshymer and Schoemker onto the 
Computer Man and in effect stands him on his toes. 

The program is set up such that it could be easily modified to add 
or delete tissue codes in any cross section. 

2. Main Routine. The following instructions read in the foot 
slices : 

DO 2000 SLICE = 1,6 

READ (5,100) CARDNUM,ARGl,ARGZ,ARG3,ARG4,ARGS,ARG6 

100 FORMAT (13,1X,614) 

READ (5,101) ARG7,ARG8,ARG9, (ARRAY(N),N = 1,23) 

101 FORMAT (12,1X,IZ,lX,I2,2313) 

where : 

ARGl = starting position of submatrix on y axis 

ARG2 = end position of submatrix on y axis 

ARG3 = starting position of submatrix on x axis 

ARG4 = end position of submatrix on x axis 

ARG5 = number of columns for submatrix 

ARG6 = number of rows for submatrix 



LAYOUT OF COMPUTER MAN ( INCAPACITATION ) 
SLICE NO. 

1 1 - 6  1 
( 7 -33) 
(34-39) 
(40-59) 
(60-64) 
(65-82 ) 
(83 -84 ) 

ANATOMICAL SECTION 

FEET 
LEGS 
ARMS, LEGS 
ARMS, TORSO 
TORSO 
HEAD 
OUMMY SLICES 

OlSC RECORD NO. 

1 
2,- 6 
6,- 7 
7, -10 

10,-11 
11,- 14 

14 

Figuee 12.  A Rewesenta t ion  o f  t he  D i s c  St ruc tu re  
o f  the Computer Man 

45 



ARG7,ARG8,ARG9 pertain to each ind$vidual row o f  tissue codes. 

ARG7 = y coordinate of row 

ARG8 = s t a r t i n g  x coordinate of t i $ s u e  codes 

ARG9 = x coordinate where t i s s u e  cocles end 

CARDNUM = s l i c e  number 1-113 

ARRAY(23) = t i s s u e  code input  l ist 

WORKl(55,llO) = temporary s torage  of s l ice  descr ip t ion  

MAN3(110,55,6) = t a r g e t  matrix 

The t i s s u e  codes a r e  read i n t o  ARRAY(24) rowwise i n  accordance 
with format 101. 

The following s t e p s  construct  and pos i t ion  t h e  submatrix. 

1 .  The e n t r i e s  i n  ARRAY a r e  s h i f t e d  upwards such t h a t  ARRAY (1) 
contains t h e  f i r s t  v a l i d  (non-zero) en t ry ,  

2. The t i s s u e  codes a r e  t r ans fe r red  t o  and pos i t ioned i n  
WORKl(55,llO). The arguments ARG7, ARG8, ARG9 def ine  t h e  Loca~ ion  and 
bounds of t h e  submatrix. 

3. The s l i c e  descr ip t ion  is r e f l e c t e d  about t h e  midpoint of t h e  
x a x i s ,  l i n e  X=S5, t o  generate t i s s u e  codes pe r t a in ing  t o  t h e  ~ p p o s i t e  
foo t .  

4. The submatrix WORK1 i s  copied onto t h e  main t a r g e t  matrix. 

5 .  The s t e p s  out l ined i n  the  Model Repositioning Program 
(Section V I - A )  a r e  dupl ica ted .  

6. The f o o t  s l i c e s  a r e  loaded onto t h e  d i s c  vers ion  of t h e  r e -  
constructed model. 

7. Subroutine MOSAIC i s  c a l l e d  t o  p r i n t  out  each s l i c e .  

8. The incapac i t a t ion  reconst ruct ion  program i s  rerun t o  v e r i f y  
t h a t  both programs i n t e r f a c e  properly.  



C .  Subrout ine  MOSAIC (KS1,I) 

1. Discuss ion .  The f u n c t i o n  of  sub rou t ine  MOSAIC i s  t o  p r i n t  o u t  
each c r o s s  s e c t i o n  of t h e  i n c a p a c i t a t i o n  model i n  i t s  mosaic c h a r a c t e r i -  
z a t i o n .  A l i s t  o f  t h e  symbols which appear  i n  t h e  MOSAIC p r i n t o u t  f o l -  
fowed by a  l i s t  o f  t i s s u e  codes i d e n t i f i e d  by each symbol i s  inc luded  i n  
Appendix A f o r  r e f e r e n c e .  

2 .  D e f i n i t i o n  of  Var i ab le s  and Matr ices .  

KSI(110,SS) - t h i s  a r r a y  con ta ins  t h e  t i s s u e  codes t h a t  make 
up t h e  c e l l  d e s c r i p t i o n  o f  t h e  c r o s s  s e c t i o n  cur -  
r e n t l y  processed .  

GRID(110,SS) - t h i s  i s  t h e  output  a r r a y  f o r  t h e  i n c a p a c i t a t i o n  
model. 

CODE (200) - t h i s  a r r a y  con ta ins  t h e  l i s t  o f  t i s s u e  codes 
de f ined  t o  d e s c r i b e  t h e  Computer Man. The codes 
range i n  va lue  (2-200). 

SYMBOL(200) - t h e  f i r s t  187 elements  con ta in  t h e  H o l e r i t h  
r e p r e s e n t a t i o n  of t h e  c h a r a c t e r s  used t o  i d e n t i f y  
t i s s u e  codes. 

ORD(112) - t h i s  a r r a y  i s  f i l l e d  wi th  112 p e r i o d s  which s e r v e  
a s  t h e  upper and lower bo rde r s  f o r  each c r o s s  
s e c t i o n .  

N - t h e  number of  v a l i d  t i s s u e  codes de f ined  f o r  
i n c a p a c i t a t i o n  (181). 

- t h e  c r o s s - s e c t i o n  number (1-84). 

3 .  Procedure.  The sub rou t ine  indexes through KSI(110,SS) checking 
f o r  a  match i n  t i s s u e  codes between each element i n  KSI(110,SS) and CODE 
(200) .  Where a  match i s  encountered, t h e  symbol chosen t o  i d e n t i f y  
t h e  t i s s u e  code i s  taken  from SYMBOL(200) and p l a c e  i n  GRID(110,SS) i n  
t h e  p o s i t i o n  t h a t  corresponds t o  t h e  index (1 , J )  i n  t h e  a r r a y  KSI(110,55). 
This  i s  done f o r  each element ' i n  KSI (110,55) .  A blank c h a r a c t e r  i s  i n -  
s e r t e d  where non- t i s sue  codes a r e  encountered.  A f t e r  each row i n  t h e  
ou tpu t  ma t r ix  GRID(110,SS) has been f i l l e d ,  t h e  e n t i r e  s l i c e  i s  p r i n t e d  
o u t  under A2 format .  Each s l i c e  d e s c r i p t i o n  i s  p o s i t i o n e d  along an xy 
a x i s  enc losed  i n  a  border  wi th  t h e  c r o s s - s e c t i o n  number p r i n t e d  below 
t h e  x a x i s .  In  o r d e r  t o  a s s i s t  i n  marking o f f  c e l l  d i s t a n c e s  p e r i o d s  
a r e  i n s e r t e d  a t  equal  i n t e r v a l s  a long both axes where t i s s u e  codes do 
no t  e x i s t  . 



I t  i s  important  t o  no te ,  a s  was t h e  case with l e t h a l i t y ,  t h a t  i n  
p r i n t i n g  out  each s l i c e  row indexing must be conducted i n  r e v e r s e  o rde r  
(i. e . ,  ROW (55) , (54),  ( 5 3 ) ,  . . . (1)) s o  t h a t  t h e  Computer Man can be 
p r i n t e d  ou t  i n  i t s  c o r r e c t  pe r spec t ive  ( i . e . ,  f ac ing  p a r a l l e l  t o  and i n  
the  d i r e c t i o n  of t h e  +y a x i s ) .  



APPENDIX A 

DESCRIPTION OF ANATOMICAL TISSUES WHICH DEFINE THE COMPUTER MAN 





TISSUE I D  CROSS ANATOMICU 
CODE SYM@OL SECTION STRUCTU88 

9 7 -14  F A C E  ( C Q Q T  Q O K E )  
1 0  - P  - ~ P ~ ~ Z X ~ ~ ~ ~ C ~ ~ R A L L  AND ~ I c  MraVr 1 
24  A 7 -9  F ~ E R A L L  4NC optic N E R V E  
11 - S  I - ~ u ~ F F  



TISSUE 
CODE 

ID  CROSS ANATOMICAL 
SYMBOL SECTION STRUCTURE 

0 12-18 VERTFSRAI. 
- 0  1 7 - 1 e  SUPER T H Y R o l  n "  

2 1 9 - 2 7  MUSCLE 
- 3 19 -27  P ~ ~ E N I C  N E R V E  
- 4 7 1 - 2 3  NEQVC 

4 2 1 - 2 4  ~ R A t c r i  AL P C E X I I S  
- 4  7 1 - 2 5  ULCAR 

4 7 1 - Z J  ' WAI:! AL 
- 4 ?I-$.' * E " l l l N  

5 21 -31  V E h l i e R ~  (TRAhSvERSE ANn S P ~ N A L  P R O ~ E S S I  
- 6 2 : - 3 1  V E ~ I C S R A  ( T R A h S v F Q S F  ANn SPINAL P R O C F S S J  

7 2 2 - 3 1  V E ~ T ~ B H A  ( A R C +  A N I I  BODY 1 
8 7 3 - 5 1  V ~ R T ~ ~ R A  (ARCb  ANn P n O v )  

- 9 -  7 2 - 3 1  H O L F  H I  T H l b  1 CM OF S p l N h L  COLUMN 
(a 7 2 - 5 1  HO\E N l T H i N  1 C M  OF S P l N 4 L  COLUMY 

- w  72-3.1 S P ' V A L  CORD ' ' 

E 1 9 - 2 1  TPYRO 1 n 
- R 2 0 - 2 4  i i ) A C b E 4  

T 7 n - 2 8  E S U P L ~ r ; u S  - Y 2 0 - 2 1  C L A V  I CI E 
u 7 0 - 2 1  C L A V '  Cl E 

- 1 7 6 - Z Y  b c " i * L A  ' ' 

0 7 0 - 2 5  sCAp11l.A - P 2 1 SHOUI O E R  JOINT " (HE 'AD OF ~ U M E A U S  ANr) A D J  SCAPIIL A )  
A ? 1 SH',UI DFR d o I y 7  (HEAD O F  -I lrwESUS AyD A ? J  S C A o U L A )  

- S 2 1 Ak i l (IUI-AR SURFACE '  OF S M O  ICnER 
0 ? 1 AR 1 I ('UI-AR SURF A C E  Or S H O * ! L ~ E R  

- F 2 2 - 2  5  H U W L K S  ( PROX ' S H A F T )  
G 7 2 - 2 3  b U V E k U S  (PAOX S Y A S T )  

- H 
J 

2 1 - 3 5  R I H  
71-33 R I F ,  - K 71 -28  L u h t i  

- L 7 7 -  31 D I IP~RAGM 
Z 7 5 - 2 1  4 E * R I  (EPICARCIUM AND ' M Y ~ C A R ~ N M )  

- X 7 5 - 2 7  H E L A ]  ( C H A r Q E R S )  
c 1 9 - 2 L  V4hCt ILAR 

- c 9 9 - 2 1  1 N I  IUGULAR 
c 1 9 - 2 1  t X I  .IuCULAR 
C 7  0  I N :  TWYRO1D - c 1 9 - 2 0  V E ~ T F  8 2 ~ ~ .  
V 1 9 - 2 1  V A S C U L A R  

- v  3 4 - 2 1  ) . ' U L P l f N ~ R Y  
V 7 5 - 2 7  ( ' O ~ O ~ I A R Y  

- V  2 4 - 2 1  P Z ' f G n S  
v 2 4 - 2 1  VEPA CAVA 

- V  2 1  - Z L  5 U h  C L A V I A N  ' ' 

V 19-21. COVMON C A R O T  1 0  
- 8  B 
- N 7 7 - 2 7  VAbCbL4R 

N 7 7 x 3  A X  I ' L L ~ R Y  
,N 33-2 1 i N 1  VAMPARY 

- M 3 0  AHrHOFORMIS 



TISSUE ID  CROSS ANATOMICAL 
CODE f YMBOl SECTION STRUCTURE 

9 3 1 - 4 0  l R F T F R  
' Q 3 ? i ~ d ~ m ? e R ~  l SP~NIL AN0 T R A N S V E ~ S E  P R O C E S S )  
- w- 32-37-vERT~~Rj  ( c P f N A 1  A N O  T R A N S V E R S E  P R ~ c F S S )  

E 3 2 ~ ~ 7  V E R T F P R A  ~ A R C U  A N D  B O D Y )  
R 3 2 i 3 7 2 F R ~ c ~ s r   ARC^ 4N3 R O D Y ~  

- f -  32 -35  V E R ~ E R R A  ( k r ~ ~ l ~  1 cti OF SPINAL CHORD) 
Y 3 7 5 3 7  V E R T F R R A I -  ~ P K I L  

- U 7 8 - 3 5 S ~ l . E  
1 ( A O R T A  - 0- 

28-30 U E P A T l C  
2 9 1 3 2 Q ~ $ ~ c  

- @ 3 1 G $ ~ R O ~ U P f l E N I L  
@ SO - J J  P O R T A L  

CYSTIC - t+:zJ-Err701.fc 
0 31-32 R I E H T  GASTRrC - Q , j i  - - 
0 

n lODLE C C L I C  
3 1 P Y I . O R T C  ~ O L ~ C  

- 8  3 2 - ~ : ,  S P F R M A T  



TISSUE 
CODE 

I D  CROSS ANATOMICAL 
SYMBOL SECTION STRUCTURE 

? 3 1 I U P B A L  1 S 
' ? L U " R  A S C '  

? 3 5 I L E O L  U n P A L l S  - 5 79-37 V A b C U L A R  
5 78-39  V E ~ A  C A V 4  , 

' 5 1 9 - 3 0  L E I  T G A S T R I C  " " 

S 79-31 S P I  FMIC 
- 5 33-34 ~ U + F *  ICR M E S F N Y E R I C  

5 37-35 I N L  M E S E N T 1 v I C  
' S 2 8 - 2 9  A Z Y G Q S  

- ~ ~ M O i l b L ,  OBT I IRATOR 
F 40-44 N E i f v b  S C I A T I C  

- G 37-40 V ~ ~ T F  R R A  ( S A C H U M )  
I4 37-40 V E H T E B R n  (SAChCMl 

- J 38-00 B O \ F  ( 1  e r  O R  I F S S  F R O M  c A ~ ~ D A  EQUINA) 
K 4 1 v t * l ~ H % ~  ( C O C C Y X ' )  
L 4 1 v E f i T F  RQA ( C O C C Y X )  

- z 35- 39 V C H ' I F  B ~ A  ( W I N G  OF ILIUM)' 
x 39-39 V E M T ~ R Q A  ( W I N G  OF I L I U M )  

-c  0 1 - 4 3  PuYi5 ' 

' 

v 41-LJ PU.l[S - B 42-46 I S S H  I UM 
N 42-43 I S C H  I UM 

- M  H I P  . O I N T '  
0 40-41 H l ?  . t O l r J T  - 1 40-41. A R I  II.UI.AR S U R F A C E  OF H I P  ~ o I N T  
2 LO-41 A R l  I(.LII-AR S U R F A C E  OF H l P  ;nINT - 3 42-44 FEt*~l i4 

- 6 41-42 I J R L N P R Y  B L A D D E R  A N D  U R F T Y R A  
7 42-44 EX I L E N I T A L I A  

- 8 36-44 V A S C l l L b R  
8 3 6 ' J t M A ' C A V A  
8 36-31 r o n n  I L I A C  - 8 3 7 - 4 u k X l  I L I A C  

9 36-38 H T  C O L I C  
- 9  3 6 - 3 d  SPF RMAT ! C 



I 

TISSUE 
CODE 

10 CROSS A N A T O Y ) a  
)YMBOL S ECllON WRUCtUfiI - - 

- 9 4 6 - 4 4  1NT Cl lnEh AL 
9 . a 0  INC v r s r r c t  
9 3 6 - 3  ~ l n  S A C R A L  - w-6-4! VASCULAR 

- w 4  1 - r 4 S A P H R F ~ ~ A  n r n r i  
W 56- '0  [ N F  CPICASTRIC 
W 5 6 - 5 8  ICFglA!M>L I q  

- W  3 7 3 9 1 ~ c l J " F l  F X  fLEUW P R O f  
W 3 8 - 4 1  I-AT S A C R A L  - w ~ ~ P T ~ ~ C ~ Y I U R P  PLEXUS 
w 4  7 C O Q S A I  P ~ N ~ S  

-W 4 2 - 4 4  L I T  C IRC F E P C A I S  
w 4 2 - 4 4  P R r n  P ~ R r n R o h $  

- W  ~ ~ P - R O F  DEPJIS 
w 4  3 P U P E N & (  P L C Y L S  - e 

- D 5 0 - 5 9  - -  .- v rscn l  -- A R  
D 5 0 - 5 9  SRACHTAL 

- D 5 0-91 PROFUNnA R R t C H 1 1  
F 5 0 - 5 9  VASCULAR 
F 5 6 - 5 9  CEP~!_I-IC 

- F 5 o - 59- RASiI.  I d  
G 5 2 - 5 9  VASCUI.AR - 
G 52;24 m ~ T j ~ , ~ 4 R  c ~ L L A T E R A L  
G 5 2 - 5 3  M I D D C F  C ~ I  LcTERAL 

- ~ 7 2 1 5 - ? l 1  Al. C C L L ~ ~  
G 5 6 - 5 9  UL NAR R ~ ~ u R R E J T  

-G ~ ~ - ~ ~ Q A ~ ~ ~ ~ L - A ~ ~ c c : N T  
- G 5  9 INF. U L N A Q  ~ C L L A T E R A L  

112 -ti 
11 3 J 6 6 - 6 6  MUSCLE 

Y i c  - K 6 ~ - = 6 a j C R v E  - I J L ~  PR. RADI  A L b  M ~ A N  
11s - L 6 6 - 6 8  R491l!S AND ULhA 

2 I 6- - b 1 ) i 6 8 y r r i f i S T b  u L h A  

117 X 6 6 - 6 8  VASCULAR 
11 1 - X 6 6 - 6 8  P A D 1  AI- 
11 7 X 6 6 - 6 0  U L  !A- 

-?fa- - c ~ O ~ ~ ~ S C ~ J L A R  
1 1 8  C B A S I L I C  

-Ti8 - C - 6 o r  



TISSUE 1 D CROSS ANATOMICAL 
C O D E  SYMbOL SECTION STRUCTURE 

v 6 1 C O M M O N  1 N T C 6 0 S S t l j S  
- V  62-66 VOLAR I NT E 4 0 k S c ~ S  

v 0 2 - 6 6  P O N S A L  I N T F Q n $ S r U S  - B 
. -. 
0 69-71 MUSCLE - 1 69-11 NEHVk. - ULNAR, '  M E D I A N  
2 4 9 q A 1 l f l r S  AND L L Y 4  - 3 6  9 H A l l l l ~ S  AND LcNA 
4 70-71 COHPAL gOME$ 

- 5 -  70-71 C O Y P A L  BONES 
6 - - 49-71 VASCULAR ( U L N A R  AND R A ~ T ~ L )  
7 

D 76-53 S A ~ H E N A  H A G A A  
- D -  86-9% 3ACHTNA P A P v ~  

p 7 6 - 9 2  VASCLILAR - F 76-92 P R I M A R Y  ' P E R F O R A T I N G  
F 76-92 SEI 'OVOARY PERFORAT I N G  

- F 76-92 I E R T  [PRY P E R F O R A T I N G  

- F 76-92 S E N U  SUPREML 
! F  76-92 CENU I N F ,  MEC. ' 

93-105 T l k l A  
93-105 F'I kULA 

- X 03-105 c l P l r l  A 



TISSUE 
CODE 

10 CROSS ANATOMICAL 
SYMBOL SECTION sTnucTum 

., , 

7 t 0 6 - 1 0 9  V A S C ~ J L A R  - 7 1 0 6 - 1 0 7  P V T .  T I B T A L  
7 1 G 6 - 1 0 7  P O S T .  T I F I A I  

- ~ ~ O ~ - ~ ~ ~ C O ; ( S A I . . ~ S  P E Z I S  
8 1 0 6 - 1 0 9  V A S C U L A R  - *  

- (2 l i O r l l 3  S O F T  ~ ISSUF 

3 
. 1 1 0 - 1 L 3  R O M E  - 1 1 0 - 1 1 5  QONE 





APPENDIX B 

A SLICE BY SLICE COMPUTER DESCRIPTION OF THE INCAPACITATION MODEL 





0 0  
0 0 0 0  
O O ~ O  
o a o o  
Ot17U 
O O O O  
Clnao 
O C C J  
0 0 0 0  
u n o a  

0 0 s  
0 0 3  0 1 

a 3  0 



0 
0 0 - s  

a x  
4 3  0 
o r a  
00  0 

O D 0 0  
0 0 3 7  
v v0.0 
D O D O  
O D O a  

O D  v 0 0  





0 
a a  aclz 

0 0 x 3 :  
CIZZr? 
X L . Z O  
X X X X  
Zs3.s- x 3 r 3  
X S X X  3 3 3 s  
SS23 
C I S P T L  
a o a a  a a a a  

a a a a a  30aTaO 
s 3 a a a a w  ~ ~ c . o a O 0  3-Soaoaa c1cvc~un~an 
a a a a a a a a  o o o u 3 a a a  
o a a a a o a  IOOOOoa. 
s a a a a a a  3 3 a a o a  
3 x a a o o  
r x a a a  
~ 3 0 0  
a a a  

a o a a  
an0'L 
1 3 x 3 .  
T T T Z  
1 S Z 3 .  
7 7 T %  
-< It IL 
I l r i l C  
x x x a  
3 3 0 0  
I S X U  

' Q S Z I C  
sax= 

a0 3 o r  
a  



ooooa 
u u n o m o u  

u o 0 o m m m Y I  
U o o O a m m Y I I T ~  
0oomY)LnYlmm 
OOm~VILnV\LPm 
uomLT,".nmVIm 
o n u , r m v t u t o u  
0 0 Y I V \ * ' n o 0 0  
o o Y \ m Y 1 m 0 0 0  
0 0 m m Y I 0 0 0  
U u m ~ o o u  

u u a o a  
00 



a 
0-  0 
00"-  
m o m  
- a m  
mtnn 

8 V)", VI 
on"? 
o n 0  
000 
ooo 
000 
00 



. 
QQCCQQ 

QOQCOOOQ 
00Q1CCQQ0 

QQ05550000Q 
SCC55555550Q 

Q1115555555009 
Qllll5555555lQQ 
01111555555501Q 
011co5555555ooQ . 
Q O C C O Q S S ~ ~ ~ S Q U Q  
OOCOO5Q5555OQO 
UCE555555CQQ 
P C O S ~ ~ ~ O Q O ~ ~  
9CQ555500QQ 
QCQ5555000 
OCC55555QQ 
GO5555500 
4 0 5 5 5 5 5 0  . QCCOOOCa 
CCQOQCO 
CQQQQQ 

QQQ 

CCQCCQ 
COOOCOOQ 

ECCCQCTQOQ 
CO0005550QQ 
Q0555555500Q 

QOO555S55SlllQ 
Q1155555551111Q . QiO5555555llllQ r 

CCQCQQ 
COQ 

4r ................................................................................................................ 

. . . .. 

. 0.  . 
. . 
. .. . . . 

. . . 
0. 

. 

. 
* . . 
. 

* 

................................................................................................................ 
CROSS SLCllON 7 ex 







oaaaa 
UHHOEPP 
OMILKLQ 

C O W K X K L l  
OHHHRKKLP 
a P P m K K l Q  
Q l a H C l L a a  
QZMMHCCHQ 
azwwaaa 
o w c a m  

QQOPCQP 
aacaa 
acaa 

QCPCQ 
aacaum 
C L K L W Q  

ILKKKhHCQ 
QLKKUWHQ 
CLKKKHCCO 
MIL4CMPZO 
CHQCHHHZB 
CCQHHHHLQ 
CCQQWWN(0 
aacccaa 
a w c Q  
coca 



00000 goom Q O O O O  
0 d d d 9 V P O C I O  

0 0 4 Y X d Q U U * ~ " P  
O I d X Y K O  T X I O  g . rgg&::s$:apf 

0 6 B 8 G ~ E i o 0  









O O O O O  

o ~ P 2 9 z ~ : f L o  
u x I I I & & I I a Y U u  

~ I I a . ~ * W U ~ Z U O  

I Bl~rrt~:::rrrzx a a s x 4 4 z x x w a L a  
Y $ x x * 4 & L x U T C L 2 ~  6ggirr:rrrrgo 

Y Y Z 2 5 S 8 S g  
U W O O U  



00 
so0 
& X U  
& I T  
& X X  
11.2 
z x x  
I a T  
L l t  
I x  x  
azz 
& A &  
a x =  
L I T  
000 

0 V O  

T O  X U  
z o o  
100 
a o u  
100 
CK80 
& .D 
z u  U 

000000 
O O I x x I x O  

O O X I Z Z X I X O  
o O O x x Z I x x I x O  

O ~ Z ~ Z 5 ~ ~ ~ Z Z ~ E ~ ~  
O d x x x ~ d x x O x I T x V U  
q d ~ d ~ 2 x I x > = l x I O o  
o x I x x x x x O > = x I x 0 ~  
ZZI$$ZIZZE$$$I8 
O X I X I  I I X X X X O P  
O O X f ~ X Z a A I U O  
O O O O O T X X O O  

000000 



0 0 0 0  
a a I x  
x a a x  
I A I Z  
I A I I  
& I & &  
& Z X &  
& & a =  
Z 3 5 $  

; 4 x x u  
I Z U X  

' X  a  z x 
IUO4f  
U U I L  

0 0 0  U 



QCQQQ 
WHHLLP 

OHHHHLKLQ 
QHCHHHLKKLQQ 
QHbHHHLKKLQQQ 

WHHHHnLKKLQCOQ 
QHVkHHHLKKLQOHQQ 
QhHkVHHHLLLHHHOQ 
WHPPHMHHHCHHHHCQ 



w 

. * . * . . . . * . * . *  o . . . . . . . . . .  



CROSS SECT101 2 0  *I 



m e .  

00 0000 
o o a w  
T I  I T  x I f  x 
x x x x  
X U X X  
0 0 1 1  $;$g 
x x x x  
Z X A X  
X I X X  
A X A O  
X X  O Q  
'00 





' O C I O  
a - a s 0  
0 1 0 1  
I O U E  
a o o a  
I O U *  
o o u a  
O O U H  
e P O U  
D E U Q  
~ u u a  
o u u u  
8 8 & E  
O O U U  
O O U U  
1 U U U  
O U V U  

000 aoo 
00 0 
00 0 
0 - 0  
O I I I  
0 0 0  
00 0 
0 0  0 

8 8 2  
gg: 
U O O  
Y O 0  0 

00 
000  

0000  
0 1 0 m o  
o a u o o  
U 0 0 0 4  
U O O O  u o o o g  
V 1 O O O  

Q U  

0 0  
'000 

g g s  
O U U  
0 0 0  
0 0 0  
0 0 0  
U O U  
V U I  
0 u v  
0 0 0  
U U U  
Q a U  

00  

'000  
000  
O O L O  
0000 
U O L O O  
a a u o o  
0 1 1 a u  
1111 a1e18  
z z s g g  
e a a a o  
= ( L a s o  
E 1 E O  
L E I 0  
a a o  
O U  



gz3ti 
* # O O  
( 0 0 0  
a 0 0 0  
O ~ V O  
0 0 0 0  
O O Q P  
0 0 0 0  
U U U V  
Y Y Y U  
O U V V  

' * O V U  
oeua ooq 



0 O P 0 0 0 0  
C C C O o O w ~  
CAAOOOOllOO 

Q C A A A I A A O O O  
O R C A A A ~ A A C O O  
C O I O C A A A A C P O O  

CQOCCCOOOOOOOOOW 
OCCOCCCCOOOOOOOOQQ 
O A R Q C C C C O O R R 0 0 0 0 O Q ~  
ORRROCCCOSQRQCQCCOO 
ORRRCCCCOOOCCCCOCCO 

ORROCSCQOQCCQOOPCO 

4T .....*.*....**..*.......... .**.*......*..***...*.****.*.*.....***.**.*.**......**...*....**.***......***....* . 
0 

0 

. .. 
0 

0 

0 

. . .* 
0 

0 

. 
0 . . 0. 

. 
* . 

* * . 
. 0. . . . 

0 

* . . 
00 

0 

. ... ****.*..*.........***...*.**.....**.**..*.**.****.****..****.**.*.*****.*.*.**.*.*.*....*..**.*..*.**.*.*~*.* 

CROSS SECTIOa 2s *a 

P C 0 O A 0 0 0 0 0 b C C O  
OROOOOOOOOCOOCCO . 
a ~ o o n o n c o o c o o c c o  

OCOOOOOOOOOC00CC0 
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APPENDIX C 

A SLICE BY SLICE COMPUTER DESCRIPTION OF THE LETHALITY MODEL 
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9 1 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 2 1  . 1 3 3 3 3 3 3 3 3 3 3 3 3 3 4 5 3 4 4 3 3 3 3 3 2 1  

1 1  1 1  1 3 3 3 3 3 3 3 3 3 3 3 3 4 6 4 4 4 3 3 3 3 3 3 2 1 1  1 1 1 1  . 1 1 1 1 1 1 1  1 2 2 3 3 3 3 3 3 3 3 3 3 3 3 4 3 3 4 4 3 2 3 3 3 3 2 1  1 1 1 1 1 1 1  . 1 1 1 1 1 3 3  1 2 2 3 3 2 2 3 3 3 2 3 3 3 3 5 9 5 4 3 3 3 3 3 3 3 2 1  3 3 1 1 1 1 1  . 1 1 1 1 1 3 3 1  1 2 2 3 3 ~ 3 ~ 3 3 3 3 3 3 4 5 8 4 4 ~ 4 4 3 3 3 ~ 3 1 1 1 3 3 1 1 1 1 1  . l l l l i l l l l  1 2 3 3 3 3 3 3 3 3 4 4 5 3 3 3 3 3 4 3 3 3 3 3 3 3 3 1 1 1 1 1 1 1 1 1 1  . 1 1 1 2 2 2 1 1 1  2 2 3 3 3 ~ 3 ~ 3 3 5 ~ 4 3 4 3 8 8 7 3 3 3 3 3 3 ~ 3 Z 1 1 1 2 2 2 1 1 1  
• 1 1 1 2 2 2 1 1 1  ~ 2 3 3 3 3 2 2 3 3 5 4 6 0 8 8 0 8 7 3 3 3 3 3 3 3 3 2 1 1 1 2 2 2 1 1 1  

c-r 1 1 1 1 1 1 1 1 1  t 3 3 3 3 ~ 3 ~ 3 3 2 3 9 0 ~ 2 2 2 2 ~ 3 3 3 3 3 ~ 3 ~ 1 1 1 1 1 1 1 1 1  
U) 
ID . 1 1 1 1 1 1 1 1  1 2 3 3 3 3 3 J 3 3 3 3 4 ~ ~ 2 3 3 3 2 3 3 3 3 3 3 3 1 1 1 1 1 1 1 1 1  

I 1 1 1 1 1  1 2 2 2 3 3 4 4 4 4 3 2 2 2 2 2 2 3 4 3 3 3 3 3 3 ~ 3 1 1 1 1 1 1 1  
1 2 2 2 3 3 3 3 4 4 3 2 2 2 2 2 2 3 4 4 3 3 3 3 3 3 2 1 1  . 1 1 2 2 3 3 3 3 3 . 3 2 2 Z 3 2 2 2 3 3 3 3 3 3 3 3 3 2 1  

e 1 1 2 2 2 3 3 2 2 2 1 2 3 - 2 1 2 2 2 2 2 3 3 3 2 2 1 1  
1 1 1 2 2 2 1 2 2 2 1 2 2 2 2 1 2 2 2 2 Z 2 2 2 1 1  

~ 1 1 1 1 1 1 1 1 1 1 2 2 ~ 1 ~ 1 ~ 1 2 Z Z l l  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  . 1 1 1 1 1 1  . 

* 

. , , . .  . . . . . . . . . . . . . . . . . . . * -  . * * . * . * * ~ . . * * * * . ~ * * . * * - - . . . . *  
( O r 0 1  4 X  

CROSS SECT ION 53  
AVERAGE DDCTORS EVaLUATIaY 1  HOUR ASSESSMENT 



+ Y . 
. 
. 

1 1 1 1 1 1 1 1 1 1 1 1 1 1  . I 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1  
1 1 1 2 2 3 3 3 3 3 3 3 3 3 3 2 2 2 1 1  . 1 1 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 1 1  . 1 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 3 3 3 2 1 1  

9 1 1 2 3 3 3 3 3 4 3 4 3 3 3 3 3 3 4 4 3 3 3 3 2 2 1  
1 1 1 1  1 2 3 3 3 3 3 3 3 3 3 3 4 3 3 3 3 4 3 3 3 3 3 3 2 1  1 1 1 1  

s 1 1 1 1 1 1 1  1 1 2 3 3 3 3 3 3 3 4 3 4 3 3 3 3 4 4 3 3 3 3 3 3 3 2 1  l L l l f i L  . 1 1 1 1 1 1 3 3  1 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 5 3 4 3 3 3 3 3 3 2 1  3 3 1 1 1 1 1 1  
1 1 1 1 1 3 3 2 1  1 2 3 3 3 3 3 3 3 4 3 3 3 3 3 3 3 3 4 3 3 3 3 3 3 3 2 1  1 2 3 3 1 3 1 1 1  
1 1 1 ~ 1 1 1 1 1 ~ 1 7 2 3 3 3 3 3 J 3 4 3 3 3 3 7 7 3 4 3 3 3 3 3 4 3 3 1 4 l l l l l l l L l  . 

h) 
1 ~ 1 2 2 ~ 1 i i ~ i ~ 2 3 3 3 4 3 ~ 3 4 3 3 3 3 3 8 4 4 4 3 3 4 3 4 3 Z 1 1 1 1 1 2 2 2 1 ~ 1  

o . 1 1 1 2 2 2 1 1 ~ ~ ~ 3 4 3 3 4 ~ 4 ~ 4 4 4 2 2 4 B 6 B 3 3 3 3 3 4 ~ 3 ~ 1 1 1 1 1 2 2 2 1 1 1  
0 * 1 2 1 1 1 1 1 1 1 1 1 4 4 2 4 4 7 7 ~ 4 4 0 C ) 0 2 3 7 5 3 3 3 3 3 3 3 Z 2 1 1 1 1 1 1 1 2 1  

e 1 1 1 1 1 1 1 1  1 ? 4 4 3 4 ~ 7 ~ 3 4 4 0 3 O 4 3 3 3 3 4 3 3 3 3 3 2 2 1 1 1 1 1 1 1 i 1  
1 1 1 1 1  1 ? 4 f + 4 3 3 3 3 3 3 3 2 2 2 3 4 2 3 3 3 4 3 3 3 3 2 1 1  1 1 1 1 1  

1 7 3 4 4 3 3 3 3 3 3 2 2 2 2 2 4 2 3 3 3 4 3 3 3 3 2 1 1 ,  
l t 1 4 4 3 3 3 3 3 3 2 2 3 2 2 3 4 2 3 3 3 3 3 3 2 1 1  
1 1 1 2 2 1 2 3 3 3 2 1 2 3 3 2 1 4 3 5 3 3 3 5 4 2 i l  

a  f 1 2 2 2 1 1 1 2 2 2 2 2 2 2 2 2 3 5 ~ 4 4 4 2 1 1  
~ 1 1 1 1 2 2 2 1 1 1 1 2 2 1 1 1 1 2 Z 2 1 ~ i i  . 1 1 1 1 2 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  . 1 1 1 1 1 1 1 1 1 1  

* 

. 
4 . 

8 . 1  

. . . . . * a * . . . . . . . . . * *  m 1 * * . a o . * ~ * * * * * . * * * * * * ~ * . * * ~ * * -  

to,n I + x 
CROSS SECTION 54  

AVERAGE ODCTORS EVALUATION 1 HOUR ASSESSMENT 



. . . I .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
(0101 +x 

CROSS SECTION 35 
AVERAGE DDCTDRS EVALUATIDN 1 HDVR ASSESSMENT 

































. 
s t . -  . . . .  . . ~ . . ~ . ~ . ~ ~ . . ~ . 8 . 8 ~ . ~ * * . . * . ~ 0 * . ~ . 8 . 8 ~ 8 ~ * * ~ . . ~ *  

( 0 1 0 )  *x 
wass SECTION 71 

AVERAGE DOCTORS EvPLUPTIDN 1 HOUR ASSEZfHENT 





CROSS SECtlDN 73 
dVERAGE OQCtuRS EVACUATION 1 HOUR ASSESSHENT 



, # *  
m * . . . . m . . . . . l . ~ . m . ~ e * ~ - ~ m m * m ~ m ~ m ~ ~ ~ a * ~ m * * a * o m * * m * *  

I h M  x 
CROSS SECTION f* 

AVERAGE DIJCTORS fVALUATiflN 4 HOUR ASSESSHEN7 



* , .  
. . . * . * e * . . . . . . . * * * *  * e e * . * * * . * * * * ~ e * e * e * a o * * * * * * * * *  

( n 8 0 )  am 
CROSS S E C T I O N  75 

AVERAGE DOCTORS E V 4 l U A T f O l J  1 HOUR ASSESSHENT 



- 1 ,  * .  ~ . . e * m ~ 1 . . . . ~ . ~ * . m * ~ . . m 4 - ~ ~ m e ~ s e m ~ e a o e e ~ o e * m m m e ~  

! nr 03 x 
CROSS SECTION 16 

AVEQAGE DOCTORS EVALUATIDN 1 HOUR ASSESSHE%T 



v 
. , I . .  . . . . . . * . . . * . . . . . .  * . * * * * * * * * * * * . * m * . * o o * * * e * * * * * * * *  

( 0 1 0 )  *x 
CROSS SECTTOY 77 

AVERAGE DPCTURS EVALUATION 1 HOUR ASSESSWENT 



* , ,  
* . . . . . * . . . . * . . . . * . . * ~ ~ . ~ e o * o w o o o * * ~ * * * o * * o * e . o * * o o  

403Ql *II 
CROSS SECTION 18 

AVERAGE DOCTORS EVALUbfIUN 1 HOUR ASSESSMENT 



* * . * * * * * . - * . . . * . * * *  8 * ~ . * * * . B * . 8 * 8 e 8 ~ e 8 ~ e a @ * . * * 0 8 . *  

(08 0 1 +X 
CROSS S E C T I O N  79 

AVERAGE DOCTORS EVALUATION 1 HOUW ASSESSMENT 





. 
. . I . . ,  . . . . . . . . . . . . . . . . .  ~ . . ~ . . . . ~ . . ~ . . ~ ~ m . ~ . . . m m * a . * . . r n * m  

(0101 + X 
CROSS SECTION a1 

AVERAGE DOCTORS EVALUATION 1 HQUR ASSESSMENT 





. . . . . . . . . . . . . . . . . . . . .  o . . . . . . . * * . . ~ * a w m * * m * m o * * . * * *  
( 0 , O )  CROSS SECTION 83 (DUMMY REGION] 

*K 

A V E S A G E  DOCTORS E V A L U A T I C N  1 HOUR ASSESSMENT 





APPENDIX D 

FLOW CHARTS AND PROGRAM LISTINGS ASSOCIATED WITM THE 
COMPUTER PROGRAMS CONTAINED IN THIS REPQRT 



COMPUTER MAN TAPE TRANSLATION PROGRAM 

m. FIRST CAFD <el ,-@ 





L I Y T f S T A R T )  
GOMH H E E L  24All TO U N I T  3 I N P U T  
COMM K E E L  2 6 C 1 4  TO U N I T  4 OUTPUT 
f l A X O ( 1 5 0 0 0 ) L I N E S  
M A X T ( 1 O ) M l N S  
U I H E N S I D N  R O k ( 2 ! 5 ) t N E W R O W ( 8 )  
I N T E G E R  H O * p T E H P , C A H U p R E Y p T E * P A  
L O D I C A L  C O W R E C T I O N , F L A @  

C O R R E C T I O N  - THERE ARE C O R R E C T I O N S  TO BE R A U E  
F L A O  - A P P L Y  C O R R E C T I O N  TO T H I S  L l Y E  
MhRK F L A O  WHERE SLICE I S  TO R E  CORRECTED 

C O U H E C T I O N m ~ T R W ~  
F L A R w * T R U E *  
l N U E X Z = O  
WOUNT=O 
w R I T E ( 6 p l l l )  
FO ! tWAT( 'OROW AND COLUMN COUNTS ARE A  CHECK ON THE P A R A M E T E R S I ,  

A  1 THAT  P O S I T I O N  T H E  S U R Y A T R I X  w l T H I N  THE S L I C E . f ,  
B / , l D T H I S  PRUDRAM E D I T S  THE F I R S T  CAMD S PARAMETER, ' )  

n A n K = H O e ( 1 ) + 1  

IPJUEXJ  KEY  
8 CHANGE CARD E N T R Y  
9 Q E A D  I N  NEW H E A D  CARU 

1 0  A P P L Y  NO M O R E  C O H R E C T I O N S  

l F ( I N U E X 3 m G T . B ~ A N D ~ H A R Y ~ E ~ J ~ I V O E X ~ ~ G 0  T O  35 
I F ( R O ~ ( 1 ) . E Q ~ l 1 3 ~ A Y D e K O U N T ~ E d m 2 ~  00 TO 30 
n E ~ n ( 3 , l O ~ ) ( ~ O ~ f I ) ~ l = I ~ 8 1  
F O H ~ A T f I J p 1 2 p 4 1 4 ~ 4 X p 2 1 4 )  
I F ( R f l h ( l ) . G T . 5 0 0 )  0 0  TO 20 
K*nOv i  ( 1 )  
I F ( C O W U E C T 1 O N ) R f l T O  50 
I F ( I N D E X l . E Q . R O W ( 1 )  .AND. JUf lF ,EW, i )  0 0 7 0  7 0  
T E V P ~ ~ I ~ W ~ A ) - H O W I ~ ) + H O ~ ~ ~ ~ ~ ~ ~  
~ K I T E ( h , l O J ) K p T E M P  
F O N V A T ( ' U S L I C E ~ ~ ~ X ~ I ~ ~ ~ X I ~ R O ~ ~  COUNT O F F  8 Y 1 , 2 X , 1 5 )  
U O ~ ( ~ ) = Q U I ~ ~ ~ ) + T E M P  
T E f l P o K n s f 7 ) - H f l W f b ) + R U W ( 5 1 - 1  
" R I T E ( 6 p l 0 4 ) K , T E M P  
F O M M A T ( ' O S C I C E ' ~ ~ X ~ I ~ ~ ~ X I ' C O L U ~ ~ N  COUNT O F F  e Y l r 2 X 1 1 5 )  
U O w ( 6 l = R U n ( 6 ) + T E M P  
KAYU=I .  
~ 4 1 T E / 4 p 1 0 0 ) f R [ J W ( l ) 1 1 ~ 1 t B ~  
f O ~ ~ A T ( I 3 , I 2 , 4 1 ~ ~ 4 X 1 2 1 ~ ~  
X m F L O A T i R O w f 7 ) ) / 2 3 .  
N U I C A H I I S * I F I X f X )  
U E S ~ M O D ( R 0 M ( 7 ) p 2 3 )  
T E 9 P m N U R C A k n S * 2 3 + H E S  
I F ( H E S . E N . O ) G O  TO 95 
l F ( R O d ( 2 ) , N E . - l ) G O  TO 40  
l F ( T E f l P . N E . R O H ( 7 ) ) 0 0 T O  4 0  
H q I T E ( b , l O S ) N U Y C A R U S , Q E S  
F O Y M A T ( ' ~ J Y U H H E H  OF E V E Y  CARDS P E R  C O L U M N ' ~ ~ X I I S , ~ X I ' J I T ~  

1 2 X I I 5 p 2 X p ' L E F T  O V E N ' )  



T E h P = N U M C A R D S + I  
K .UOWlB)*TEMP 
UO 1 0 0 0  C A R D m l r K  

READ(3,101)(ROW(IJ,ImLt2b) 
K A W U m K h R D + l  
I F 4 K A U U  .EQ. JUMP)  R O N ( 1 Y ~ C X Z ) . I I C H  

101 F t l U M A T ( I J , 1 2 , 2 3 A 3 )  
L=23  
I F ( T E H P . E O . R O u f 2 ) ) L . R L I  
L.L+2 
DO 2 0 0 0  N U N m 3 r L  

IC IROW(NUM) .LQ .3W B ) R O W ( Y U M ) m d W  -1 
D E C O D E ( 1 0 t 1 0 7 r R O d ( N U H ~ ) T ~ H P A  

107 F O H M A T ( l 3 )  
R O r ( N U H ) = T E r l P A + l  

2 0 0 0  CONT 1 NUE 
* R l T E ( 4 , 1 U 6 ) ( R D ~ ( l ) , I ~ 1 n L ~  

1 0 6  F O R H A T ( l 3 , 1 2 , 2 3 1 3 J  
I 0 0 0  C O + 4 T I N U t  

G O T 0  1 0  
2 0  E N U  F I L L  4 

KOUNT.KOUNT+L 
G O T 0  1 0  

3 0  H E M I N D  3 
~ E ~ l N D  4 
S T O P  

4 0 KmKOW ( 7 )  
J.UOW( 1) 
WRITE(brlO2)TEnPrK,J,NUMCARDS#RLS 

lo2 1 
F O K H A T ( ~ O 1 T E t l l  r * * E R K O R a * *  CARD C W E C K ' n I r  

I O X p ' C D ~ P U T L O  N U H U E 4  D t  E N T R ~ L S ' , I S P / ,  
2 I O X p ' l N P I J T  NUMBER U f  C N T R l E S ' , l b p $ X o  
3 'OW S L I C E ' , I 5 # / , l U X ,  
4 t c o n p u t ~ n  NUMULR of C A R D S ~ , I S , ~ X I  
5 ' U 1 T Y t , I 5 , 2 X n ' L E F T O V f R , )  

U E W I N D  3 
H E H I N D  4 
S T O P  

C 
C L O O P  3 0 0 0  I N S E R T S  A  NEW RON 
C 
3 5 UO 3 0 0 0  I m l r 8  

R O d ( I ) = N E w R O W ( l )  
3 0 0 0  C O N T I N U E  
5 0  k ' E A D t S # l O O )  ~ N I I E X I I ~ N D E X Z ~ ~ T E M , J U ~ P , I N D ~ X ~  
1 0 9  F O U M A T ( S 1 5 )  

M f ? l T F ( 6 , 1 1 0 )  l N ~ E X l , I N D E X 2 , 1 T E ~ , J U n P  
1 1 0  F O M f l A T ( ' O C O R ~ E C T 1 O N  E Y t E n E U  FOR S ~ l C E ' r l s r ~ X r  

1 ' T H E ' r 1 5 r 2 X , ' T H  NUYdEW S U Y S T l l U T E U  l Y ' n 1 5 ,  
2 2 X l ' O ' J  T Y F ' , I S , l X , ' T Y  C 1 q D  OF THE S L I C E ' )  

1 F I I N U E . X J  .LT. 9 )  OOTO 2 5  
l F l l N O E X 3  aQT. 1 0 )  ODTO 4 5  
U E ~ n ( 5 ~ 1 0 8 ~ ( N E W R O W ( l ) , l ~ l r 8 ~  

2  5 C O K R E C T I O N * . F I L S h .  
G O T 0  6 0  

4 5  F L A G * a F A L S E .  
G O  TO 25 

7 0  U O w ( I N D E X Z ) = l T E M  
i F ( F L A Q ) 0 0  T O  50 
OOTO 8 0  

9 5 M E S - 2 3  
N U R C A ~ U S ~ N U H C A P n S - 1  
(30 TO 90 
E N  U  235 



On CUED FOR THIS IM) 
~ R S  AsassmEFcr I? 

mIE( DESCRIPTION (I 
WlO TO DISC 

I I N  W TAP 

LLllllSl DISC -0 
CPYrCmD 

Mar m DISC 
f R M  Our CDUm MAW I N  

COOED ~ L r I O N I  

PluSDlT IN ZND CUBE 

WERATE RIGHT LEG C - 3  1 





Mac I w m  I WORD 

NW PACE nm AND Y 

BACK INlO ONE WPRO 
UU PAa(NECCtURlD. D T L 5  101 

QIIPUI ARRAY IN 
m E E I  PZRSPECIIVE- 

SCORE IN OUlPUl 



L t a r c s r r u r ,  
C o n ?  DISC 5 5 ~ 2 3  T O  UNIT 3 
COW4 R E E L  2 6 C l 4  TO 8 * l f C n  4 t l N p U T  
H A E T ( 3 S ) M l h S  
~ A X O ( 2 0 0 0 0 )  L I N E S  
U I M E N Y I O N  h A M E l d )  
C O M ~ O N / ~ A N / M A N ( S O , J ~ , ~ B )  
COHYON/  P L A Y E I / P L I N E I ( S O I ~ ~ )  
C O P ~ D N / P L A ~ E ~ / P L A N E ~ ( ~ O , ~ ~ )  
I N I E B f R  P L b N t l r P L A Y E 2  
U A T A  I D D , I ~ I F / I O H ~ S U Z J  B O U I I I O H I Y ~ ~ N  C O N P I  
C A L L  U I S C D L ( J , N A H E I ~ U D )  
C A L L  U I S C O F ( 1 D F r 4 9 U 0 0 ~ 4 ~ U r I D U M M Y r O ~  
C A L L  C L E A R  
UO 6 0 0 0  K.1,J 

C A L L  U I S C W T ( I D F I K I ~ ~ N A N )  
 CON^ 1 NUE 
90 1 0 0 0  M . 1 ~ 5  
C A L L  D I S C R D ( I D F , 3 r l r H A N )  
UO 2 0 0 0  L . 1 ~ 2 6  

g.27-L 
C A L L  I Y P U T  
C A L L  L O A f l ( P L A N E 1 r K v H )  
F D H H A T ( ~ ~ X I I S ~ ~ U X , I S )  

COW T I  NUE 
C A L L  O I S C ~ T ( l D F , 3 ~ l r f l A Y )  
C A L L  U I S C R D ( l n F , 2 , l r f l A Y I  
DO 3 0 0 0  L . 2 7 r 4 4  

K.55-L 
C A L L  I Y P U T  
C A L L  L O I D ( P L A N E 1 r K r H )  

COY T  I NUE 
C A L L  D I S C M T ( I I I F ~ ~ , ~ ~ M A Y )  
C A L L  U I S C R D ( I O F , J , l , H A N I  
UO 7 0 0 0  L.50,52 

K.53-L 
C A L L  I Y P U T  
C A L L  k E F L E C T 1  
C A L L  O Q A F T ( P L A N E 2 r K l H l  

C O N T I N U E  
C A L L  U I S C N T ( I O F , 3 r l r ' l A N )  
C A L L  O I S C R U (  I I I F 1 2 ,  1,MAN) 
0 0  BOO0 L . 5 3 r 7 5  

K.61-L 
C A L L  I N P U T  
C A L L  R E F L E C T 1  
C A L L  G R A F T ( P L A N E 2 r K p H )  

C O W T I  N U €  
UO Y O 0 0  L m 7 6 r 8 5  
K I B b - L  

C A L L  I N P U T  
C A L L  H E F L E C T L  
C A L L  Q R A F T ( P L A N E Z , K , M )  

C O N T I  N d E  
C A L L  U I S C d T ( I D F , 2 , 1 p H A N J  
C A L l  U I S C R U l I D F , l , l , M A N )  
UO 1 0 1 0  L . A b r 1 1 3  



K = l l 4 - L  
C A L L  I N P U T  
C A L L  H E F L E C T 2  
C A L L  G R A F T I P L A N C Z I K I M I  

1 0 1 0  C O N T I N U E  
C A L L  U ~ S C d T ( l I I F p l r l r M A N 1  

1 0 0 0  C D U T l N U E  
UO 4000 f l r l r 5  

DO 4 0 0 0  L ' l p 3  
C A L L  D I S C R U ( I D F p L l l p V A Y )  
DO 4 0 0 U  K.1128 

C A L L  U N L O A D I P L A N E l p 4 p M 1  
C A L L  O U T P U T I P L A V E 1 1  
W P l T E ( 6 p 1 0 0 1 M r L 1 L  

1 0 0  C O R M A T ( ' O U 0 C T U H  I N T E R P W E T A T I O N ' ~ I ~ ~ P Y I  
1 t D I S C  H E C D R D ' r 1 5 r 2 K ~ ' S L I C E 1 f i 1 5 t 2 X ~  

4 0 0 0  C O N T I N U E  
R E W l N U  4  

S T O P  
END 

C 
S U B R O U T I N E  C L E A R  
U I W E N S I O N  Z E H O I l n 1  
C O f i 4 O N / 4 A M / M A N ( S U p 3 5 r 2 8 )  
I N T E Q E H  Z E K O  
D A T A  Z E R O / l O * O /  
UO l O U O  J.lrY5 

0 0  1 0 0 0  l q l p 5 0  
DO 1 0 0 0  K . 1 ~ 2 8  
C A L L  P A C K ( M A N ( I t J t K ) r Z E R Q t l O 1  

1 0 0 0  C O Y T I N U E  
R E T U R N  
END 



UUBROUTlNE R E F L E C T 1  
C O f i ~ O N / P L A h E Z / P L A Y E 2 ( S O , J b )  
CDflnON/ P L A N C I / P L A N E ~ ( S O , J S )  

INTEQER P L b N E 1 , P L I N E Z  
UO 1 0 0 0  J m l r d 5  

DO LOU0 I = l , S U  
P L A N E 2 ( l r J ) . O  

CONTINUE 
U O  2 0 0 0  J.7,35 

0 0  3 0 0 0  I.8,ZS 
L.1-7 
PLANEZ(L,J) .PLAYE1(1rJ)  

CONT I YUE 
DO 4 0 0 0  I . l p 2 5  

L.51-t 
P L A N E ~ ~ L ,  J ) = P L A N E ~ (  I, J )  

CONT 1 NUE 

I L l S T ( S T A R T l  
C 
C  
C 

SUBROUTINE REFCECT2 
C O W H O N / P L A N E Z / P L I N € ~ ( ~ O ~ J S )  
COfiHON/ P L I N k l / P L A N E l ( S O r 3 5 )  
INTEGER P L A N E l p P L A Y E Z  
UD 1 0 0 0  J = l r 3 3  

D O  1 0 0 0  I = 1 , 5 0  
P L A N E 2 ( l , J ) m O  

1 0 0 0  CONTINUE 
UO 2 0 0 0  J.1,34 

K = J + l  
DO 2 0 0 0  I . l t 2 2  

L.1+3 
C L A N E ~ ( L , K I ~ P L I Y L I ( I ~ J )  

2 0 0 0  CONTINUE 
UO 3 0 0 0  J . l r 3 S  

DO 3 0 0 0  l m 2 6 r S 0  
K.81-1 
PLANE2(I,J).PLANLZ(KIJ) 

3 0 0 0  CONTINUE 
UETURN 
END 



U l H E N S I O N  P L A N E ( S O r 3 5 )  
U I M E N S I O N  V E C T O H ( $ O )  
C O n f l O N / H A N / H A N ( S O r ~ S , 2 8 )  
90 1 0 0 0  J . 1 ~ 3 5  

D O  1 0 0 0  l g l r S O  
L A H D A ~ M A N ~ ~ ~ J I K ~ '  

C A L L  U N P A C K ( L A H O ~ O V € C T D R ( I ) I ~ O ~  
I F ( v E C T O R ( P O S I T I D N I * L T ~ P L A ~ E ( I ~ J I J  

V E C T O K ( P ~ S I T ~ ~ N I ~ P L ~ N E ~ I O J I  
C A L L  P A C K ( V E C T D R ~ ~ I ~ L A H D A I ~ O I  
M A N ( I , J , K ) m L A H D A  

1 0 0 0  C O N T I N U E  
K E T  URN 
EN U 

C L l S T ( s T 4 R T )  
C 
C 
C 

SUMROUTINE LOAU(PLANE,KVPOSIT IDNI  
U l f i E N S l O N  P L A N E ( 5 0 r 3 5 )  
~ N T E O E H  P L A N E , Y o S I T I O N ~ V E C T D R  
U f t l E N S l O N  V E C T Q R ( 1 0 )  
U O ~ ~ H Q N / M A Y / M A N ( ~ O , ~ ~ , ~ B ~  
UO 1 0 0 0  J m I p 3 5  

D O  I O U 0  l m l r 5 0  
L A M D A ~ I + A N ( I I J , K )  
C A L L  U N P ~ C K ( L A R D A ~ V E C ~ Q R ( ~ ~ , ~ O )  
V E C T O H I P O S I T I O N ) ~ P L A N E I ~ I J ~  
C A L L  P A C K ( V E C T O R ( I I ~ L A M ~ ~ I I O I  
f l A ~ l l r J r K ) m L A M 0 I  

1 0 0 0  C O Q T I N U E  
H E T U R N  
E N U  . 



C 
8 U M w O U T l N g  O U T P U l ( P L A N C )  
U I M L N S I O N  P L A N E ( 8 0 , 3 8 )  
U l M F N S l o N  P L A N E 2 ( 6 U t 3 5 )  
U I q E N S l O N  N U t I ( l 0 )  
UIUENSION H o u n L u ( i o o )  
I N T E Q E R  BOWDEW 
I N T E B E R  P L A N E  
I N T E G E R  P L A N E 1  
I Y T E Q E R  CHAR 
LNTEOEH B L A N K  
U A I A  Y O W U E H / 1 O O ~ l M ~ /  
u A r r  CHIHI' ,I/ 
U I T A  N U # / @  I * , @  2 @ , l  J ' , t  b ' , '  6'. 

l t  7 ' t t  6 1 , '  9 ' t t  0 ' 1  
U A 1 4  H L A N K / @  1 

n n l t E ( b t l 0 1 )  
101 f O U M A T ( @ l N C U  PLANE', / , '  * ' o / , '  + Y ' )  

UO 2000 I.l,bO 
U O  2 6 0 0  J . l r d 6  
K . P L A N E l l , J ) - l  
I F I K . G E . ~ . A N U , K . L E I ~ )  00 f O  1 0 5  

" P L A N L Z ( l r J ) m B L A N K  
UO TO 2 0 0 0  

105 PLANl !211 rJ )mNUM(N)  
2 0 0 0  C O N T I N U E  

UO 1 0 0 0  K.l,J5 
J.36-K 

n H l T E t 6 , 1 0 0 )  C H I R , ~ P L A Y ~ ~ ( I B J L , I ~ ~ ~ ~ O ~  
100 F O R M I f ( 2 X , l A 2 , b O A 2 )  
1 0 0 0  CON1 I Y U E  

~ R l l E l 6 , 1 0 3 ~ ~ 0 0 R D ~ ~ ~ l l , ~ ~ 1 ~ ~ 0 ~  
1 0 3  F O H H A T ( 4 X 1 5 0 A 2 1  

w H I T E ( 6 ~ l O Z )  
1 0 2  F o n n r T ( @  ( O , O I I , P S X p I  + X  * a ' )  

HETURN 
LNO 

S U B R O U T I N E  INPUT 
T H I S  SUHROUTINE R E A M S  THE C A R D  D E S C R I P T I O N  OF THE A R R l V  MAN AND , & I C E S  

I N T O  A C T I V E  H E M O W Y  I N  PLANE F O R  * A N l P U L A V I O H  AND A B b I Q N M L N l  I N T O  WAN 
COf lHnN/  P L A N E 1 / P L b N E l ( S O , J S I  
I N T E G E R  P L A N E 1  
UO 1 0 0 0  J . I t 3 S  

0 0  1 0 0 0  1 = 1 , 5 0  
P L A Y E l ( 1 t J ) m O  

C O U T  1 N U €  
R E A U ( 4 ~ 1 0 U ) N U M v f l N U t M X K t U N C p ~ X C  
F O R M A T ( 1 3 t 2 V r 4 1 4 )  
00 2 0 0 0  J I Y N R t M X K  

R E A D ( d t 1 0 1 1 ( P L 4 N C l ( I , J ~ t I ~ M N C , M X C )  
F O A M A T ( ! % X o 2 3 1 3 )  

CON1 1  NUE 

W R I T E l b p l 0 3 ) N U M  
F O N M A T ( ' O P L A N E ' r 1 3 r 2 K , '  HEAD t V 1 )  
HETURN 
E N  U  243 



Y U I R O U T I N E  U N L f l A D ( P L A N E t K t H 0 C I  
I N T E Q E R  PLANE,POSITION,VECTOR 
I N T E R E R  D E L T A  
U I M E N S I O N  P L A N E ( d O t 3 6 )  
U I R E Y S I D N  V E C T O R ( 1 O )  
C O R ~ O N / M A N / Y A Y ( S O , ~ ~ I ~ ~ ~  
COWMON KCHECK 
UO 1OUO J.1,35 

DO l o o n  1 = 1 , 5 0  
LAMDA.MAN( I ,J ,K)  

I S  T H I S  C E L L  A I R  S P A C E  
OR 19 I T  P A R T  OF THE MAN 
l F t L A M D A . E N I O )  00 TO 1 0 6 0  

C A L L  U N P A C K ( L A M O A ~ V E C T O R ( ~ ~ ~ ~ O I  
K N U E - N D E  
I F ( N C H E C K . E Q e 1 )  K N D E ~ N V E ~ l  
A V E R A Q E  C E L L  V A L U E S  
HOUND C E L L  V A L U E S  T O  N E A R E S T  I N T e Q G H  
I TUTAL.0 
UO 1 0 1 0  L = l r K N O E  
l T U T A L . I T O T A L + V E C f O H ( L )  
CONT 1 N U E  
A T U T A L = F L O A T ( l T O T A L l  
S N U E = F L O A T ( K N D L )  
A V D I = A T O T A L / S N U E  
L A f l ~ A ~ I C l X ~ A V O l )  
I j E t A n f L O A T l L A Y U A I  
H E S m A V Q l - B E T A  
I F I R E S e R T e 0 . 4 9 )  L A f l L I A = L A H U A + I  
P H O R R A H  A V k H A R E S  S C O H E S  AND P A C K S  AN A V E n A 0 6  $ C O R e  f Y T O  
t A C H  H O R U  I N  l O T H  P O S I T I O N  
V E C T D H t I O ) = L A H D A  
1 F 1 U = 1 5 1 1 0 2 0 t 1 0 3 0 , 1 0 2 0  
1 F ~ J - l S ~ l O ? 0 , 1 0 4 0 ~ 1 0 2 0  
~ R I T ~ ~ ~ ~ ~ ~ ~ O ~ ~ V E C T ~ R ~ N ~ ~ N ~ ~ I ~ O ~ ~ I T O T A L ~ A T O T A L ~ S N ~ E ~ A V ~ ~ ~ ~ A ~ ~ ~ ~  

C  P A C K  A L L  SCONES B A C K  I Y T U  ONE MOHO 
1020 C A L L  P A C K ( V E C T O R ( l ) , D E L T A 1 1 0 )  

M A M ( l r J , K ) = D E L T A  
1 0 6 0  ~ L 4 N E ( I , J ) ~ L A M U A  
1 0 0 0  C O N T I N U E  

H E T U R N  
€ N U  
L 1  sT 
U A T A  





L I S T ( S T A R T )  
COCP C ISC  5 0 C 2 1  TO U N I T  3 
HdXT(  2 5 ) C I N S  
PAX0 ( 1 5 0 0 0  ) L  I N E S  
C IPENSION VECTOR( 1 0 )  
CIMENSIOK N A P E ~ ~ ) ~ I S L I C E ( ~ O ) ~ I X ~ ~ ~ ~ ~ I Y ~ ~ O ~ ~ N E ~ V A L ~ ~ ~ ~ ~ I R E C ~ ~ O ~ ~  

l C O C I N T ( 1 0 )  
C O P ~ O N / M A N / M A N ( ~ O , ~ ~ ~ ~ ~ )  
COMPON/ P L A N E I / P L A N E ~ ( ~ O P ~ ~ )  
C O P P O N / P L ~ N E ~ / P L A N E ~ ( ~ ~ , ~ ~ )  
C I P E k S I O N  P L A N E ( 5 G p 3 5 )  
INTEGER PLANErCOCINT 
INTEGER P L b N E l r P L A N E 2  
INTFGER VECTOR 
CATA MAnXPTS/3/ 
CATP C O C I N T / 3 r 2 r Z r 7 * 0 /  
CATA I K E C / 3 r 3 , 3 r 7 * 0 /  
CATA I S L  I C E / 2 r l t  l i 7 * O /  
CdTA N E H V b L / q r l p  l r 7 * 0 /  
CbTb I X / 2 7 , 1 3 * 4 0 ~ 7 * 0 /  
CATA I Y / 1 7 r 1 5 r l 5 * 7 * 0 /  
CATA I C C * I D F / l O H S C D 2 1  RODYr lOvRODY 1 

NUMRER OF P O I N T S  TO RE CHANGED 
INPUT  X,Y*Z COCREINATES v S L I C E * i N E W  VALUE 

COCTOR INTERPRETATION NUMBER 
C A L L  C I S C C L ( 3 r N A M E r I D O )  

CO 1 0 0  N= lTMPXPTS 
U T I L I Z I N G  D A T A  INPUT  READ I N  CORRECT D I S C  RECORD 
C I L L  CISCRC ( I C F * I H E C ( N ) r l r M A N )  

STORE SLJCE NUMBER x~Y ,CCORDINATES 
I I = I X ( N )  
I J = I Y ( N I  
K = I S L I C E ( N )  
L = C O C I N T ( N )  

RETRIEVE  CORRECT ENTRY FROM MAN( f r J p K )  
CO 1 0 0 0  J=1,35 
CO 1 0 0 0  i = l r 5 0  
L A C O A = M A N ( I r J r K )  
IF(LAMCA.EQ.CI GO TO 1 0 2 0  
C A L L  U N P A C K ( L A M D A ~ V E C T O R ( ~ ) ~ I O )  
PLANE(  I 9 J )=VECTOR ( L  
GO TO l O C 0  
P L P N E ( I r J ) = L A M D A  
CORT INUE 
P R I N T  OUT OLE ARRAY 
CALL OUTVUT(PLANE 
P R I N T  OUT NEh  ARRAY W I T H  CORRECTIONS 
PLANE(  I l r  I J  ) = N E k V A L ( N ) + l  
CALL OUTPUT (PLANE 
INCREF'EYT VALUEV STORE ON D I S C  
hEWVALIY )=NEWVAL ( N  ) + I  
PACK NEW VALUE I N T O  PAN( I t J 1 K )  
LAPCA=MAN( 1 1 1  I J r K )  
CALL U' lPACK(LAYCArVECTOR( 1 )  0) 
V E C T O R ( L ) = N E k V A L ( N )  
CALL PACK(VECTORll)rLAMD4,10) 
P A & (  IIr I J * K I = L A M D A  
C A L L  CJSCWT( I D F p I R E C ( N ) r l t M A N )  
CONTINUE 



WOW ARIlAYS 

I 
[ZERO WOR< ARRAYS 1 

I 

hrdCUT2ATE SLICE E L W K P S  
CALL CALSCE 



SUBROUTINE CbTlSC'F 

SEX' SECTION 
zioumARAY MA%rnS 

SUBFQUTINE INSERT 

SCAN !RRAY 

mwr 
DEILInEArn 

SLICES 



CCPYON/MAN/CP6N( 1 1 C * 5 5 * 6 )  * ~ S L I C E ( ~ ~ I  v W N U Y ~ 1 4 1  ~ ~ ~ R l ~ 8 4 l g U ~ R 2 ~ 8 4 ~ ~ I l g  
1 I 2 ~ J l r J 2 1 K 1 ~ K 2 ~ I S C C T ~ I S ~ * h S E C ~ ~ K c O U F i T v K s E C T ~ K ~ ~ K ~ I h ~ K ~ A # ~ U k  

COCt'LN/M,!Y1/MANlI l ; ( i * 5 5 9 6 1  
CCCMCN/MAN2/HANZ( l l C v 5 5 , b I  
CCCPGN/WCRK 3 / W C ? K 3 ( 1 1 C ~ 5 5 1  
C O P P O N / N A C E 2 / N A M F 2 ( 4 I  
C O P P C t i / N A C E 3 / h A ~ i  2 ( 4  ) 
INTEGER D I S C Z * F I L E 2 * h O R K 3  
INTEGER C I S C 3 * F I L E 3  
INTFGI -H RECCRD 
INTEGER S L I C E  
CBTb C I S C i / l C H 5 5 D i 2  CMAN/ 
CPTB C I S C ! / l i H 5 5 D 2 4  KM4N/ 
CbTA F I L E 2 / i C h I t I C A P  BODY/ 
CBTA F I L E ? / l C H B C D Y  P A R T S /  
CALL C I S C C L ( 3 r N A M E 2 r O I S C Z )  
C A L L  C I S C C L ( Z * N A M E 3 * D I S C 3 1  

C  C E F I k E  F I L E  FOR t4EU D I S C  PACK 
CALL C I S C C F ~ F I L E 3 ~ 3 C 3 C 0 ~ 1 2 E e ~ I O L C C V v O l  

c NUM I S  T I -E  NLMBER CF SEPERATE I h T E R I O R  BOXES RECUIREO TO SEPERbTE 
c b  CFSIGNATEC S E C T I C N  FROM THE REMAILDER O F  THE COVPUTER WIN 

R E A L (  5 r l 2 C ) h b M *  I S E C T , I S L  
1 2 0  FORPA1 ( 3 t 2 )  

CALL C I S S S U (  2 I * x= 1  
CC "C M x i r N L P  
R E b C ( 5 * 1 C C )  1 1 ~ 1 2 1 J l r J Z v K l ~ K Z  

1 0 0  F O R M A T I C I 3 )  

N S L I C E I  11.0 
2 1  CCKTINUC 

c c  2 2  1=:,e4 
K M Q l (  I ) = b  
KMH2(  I )=C 

2 2  CChT IFiUF 
C A L L  C4LSCE 
h R l T i ( 6 r  i l O )  

1 1 0  F O R P A T I  1CX9 ' K N L M ' * l C X v * N S L I C E ' I  
CC 7 I = i r i 4  
h R I T E ( 6 v  : C 2 I ( K N L M I I ) * N S L I C E ( I ) )  

7 CONT I N U  t 
1 0 2  FORHAT( l C X *  I 4 * 1 C X r I 4 )  

h 2 I T E ( 6 r ~ C 3 )  
1 0 3  F O R Y A T ( 1 0 X ~ ' K M R l ' r 1 0 X ~ * K H R 2 ' I  

CO 8 1 = 1 r E 4  
I 1=e5-I 
h R I T E ( C * : 0 4 )  ( K H R l ( I I I I ~ I K Y R Z ( I 1 I )  

8 C O h T I b C F  
1 0 4  F O R P A T I  1 b X 1 1 4 r  l O X 1 1 4 1  

CO 1 C  K E C C R O = l * I S E C T  
I F I K N L M ( K E C C R D I . E Q . 0 )  GO TO 1 C  
C b L L  C I S Z S U (  3 1  
CALL C I S C R C ( F I L E Z ~ R E C C R O ~ 1 ~ C A h I  

c Z E R C  A9RAY MAN1 
CO 11 I = : r l i C  
CO 1 1  J . 1 ~ 5 5  
CO 11 K = ! n C  
M b h l t  l r J p K ) = C  

1 C C h T I r J C E  
IN=RECCHC 
KM IU=K'JUM ( I N  I 
KM4X=KVUC(IN)+(NSLICE(IN)-L) 
CO 2  K = K V I N * K P A X  
CO 2 I = l . r I Z  
LO 2 J r J l v J i  
M b h l l  I * J * K ) = M A Y I I * J I K )  

2 CChTINbF 



CPLL C I S C S U I Z )  
c P C C  T ~ E  FCLLCNING INSTRUCTICNS WEN CORE I H A ~  L I~TERIOR eoxxs 
C R E C U X R E O  10  SECTICN OFF THE DESIRED PORTION OF eOCY 
c C T k T R k l S E  OMIT  

CALL C I S C R C ( F I L E 3 i R E C O R D v l v W A h 2 ~  
CO i C  I = l t l l C  
C G  2C J z l - 5 5  
CO 2 0  K = i , b  
I F ( M A N 1 I  I i J i K ) . E Q . O )  M ~ N ~ ( I ~ J T K ) * M A N Z ( I I J ~ K )  

2 0  CONTINUE 
CALL C I S C k T ( F  I L E 3 , R E C O R D i l ~ P A h l l  

10 COhTINUE 
50 COhTINUE 

C  
C 
C P R I N T  OUT CCFPLTER RAN I N  P C S P I C  REPRESENTATION 

C O  C O  RECCRC=lv  ISECT  
CALL C I S C R O ( F I L E 3 i K E C C R D ; , 1 r P A h Z )  
CC l e  b = L r 6  

CO 1 6  J * l i 5 5  
CO 16  I = l i l l C  
h O R K 3 ( I . J  ) = P A N 2 1 1  IJIK) 

16 CONTINUE 
C  CALCULATE CRCSS SECTION NLMBER (1-841 

SL ICE=(RECCRC- l ) *C+K  
CPLL  M O S 4 I C ( k O R K 3 i S L I C E )  

1 8  COhTINUC 
60 CCkTINUE 

EN[: 



S U P R O U T I N E  C I L S C E  
C O P ~ O N / M A k / C A N ( l ~ O e S S ~ ~ ~ ~ N S L 1 C E t 1 ~ ~ e K N U W t l 4 ~ t ~ M R 1 ~ 8 4 ~ e K ~ ~ Z ~ ~ 4 ~ t ~ ~ e  

1 1 2 , J l ~ J Z ~ ~ l ~ ~ 2 ~  I S E C T  1 t S L ~ N S E C T e K C 0 C ; N T e K S E C T e ~ T ~ K V I N ~ K V b X ~ U N -  
L C 6  I C A L  . i l M P  
J U P P  = T R L E  I N C I C b T E S  THAT THE 1 s t  DELINEATLC SlISE I N  b fECf lON 
k b S  B E F U  ENCCUNTEREC 
SET S E C T I C N  MARKERS 
SET S L I C E  H b R K E 9 S  
J U Y P = . F I L S E .  
K S € C T = o  I 

CO 2 I = K l r K Z  
K M R l (  1 ) = I  

2 COFIT INUF 
CO 1 I = I S L l e 4 * I S L  
K M R Z I  1 1 % :  

1 C O N T I N U E  
CO 3 1 = 1 . € 4  
I F ( J U M P )  EO TO 5 
K T = P O C I  I. ( S L  
L H E R E  K T  V A R I E S  FROU 1 - I S L  
I F ( K 1 . F C . C )  GO TO 6 

8 I F ( K C R l ( I ) . E Q . O I  G O  T C  3 
KN=K T 
JLMP=.TRUE. 

5 I F  ( P M R i 1  1  ) . E C  -1) K C O U N T = K C O U N T + ~  
I F ( K M R Z ( I ) . E Q . l )  C C  TO 4 
c o  TC 3 

4 K S E C T = K S t C T + l  
C A L L  S O 9 1  
JLCF'= .FALSE.  

3 C O h T l N U E  
C O  T C  7 

6 K T = I S L  
I f  (KMW.1 I I . E G . 0 1  K S E C T = K S E C T + l  
GO TC 8 

7 R E T L H N  
ENC 

S U e R C U T I h E  SORT 
K S E C T  R E P R E S E N T S * T H E  NUMBER OF S E C T I O N S  
T k b T  C O N T A I N  D E L I N E A T E D  S L I C E S  . 
C O M M O N / M A N / P A N I 1 1 C ~ 5 S ~ 6 ) r H S L I C E ~ 1 4 ) e K N U W t l 4 ~ ~ K V R l f 8 4 ~ t R M R 2 ~ 8 4 ~ ~ I l e  

1 I Z ~ J i r J Z ~ K l ~ K Z ~ I S E C T ~ I S L ~ h S E C 7 ~ K C O U h T t K S E C T ~ K T ~ K P I K e K P A X e K K  
SAVE ACCuESS k t -EKE THE 1 S 7  1 APPEARS R E L A T I V E  TO THE 
E E G I X K I Y G  CF EACH S E C T I O N  
N S L I C E ( K S E C l ) = K C C L N T  
KhlJPJ(KSEC7 ) = K N  
KCCONT=O 
K N = C  
RETURN 
EN C 



COMPU'I'ER MAN MODEL R E P O S I T I O N I N G  PROGRAM 

I 

OEtlNC flLE O N  NfW DISC PACR 
L DISCDIIfILEl. 30100. 1231. I DUHYI. 

I 
WAD I N  CURRENT IfCORD 

CIU DISCRD ItlLE. RECORD. I .  

REVERSETHE ROW ORDER - 

ZERO UJum =Ices 
IW l C O R D  U. AN0 
ALl S L l Q S  IN RECORD 14 - 

tlm DlwIm 
GROVP rims IN UHW - 
NOH DlSC PACK - 

I 

SrEl DATA 10 N E W  DlSC PACK 

o ~ s c w r ~ r ~ t ~ r . ~ ~ ~ ~ ~ ~ . ~ .  MAN 

I I 



L I S T ( S T S l { T I  
H A X 0 (  5 C 0 3  ) L  (PIES 
H A X T I  1 8 ) V I N S  
COMM D I S C  5 3 0 4  TO U N I T  2 
COHM D I S C  5 5 0 2 2  T C  U N I T  3 

M A l N  R O U T t N E  
T H I S  PRCCSAM I S  D E S I G Y "  TO  T R A h S F O H M  T H E  P O S I T I O N  O F  1tIE 
COMPUTER P A N  T: M A T C H  t H A T  ;F T H E  L E T H A L I T Y  O E S C R I P T I O N  
A L S O  TIIF REC1:RD L E N G T H  I S  I N C R E A S E D  F R O Y  1-6 S L I C E S  P E R  REcC)qo 
GUR NEW CGMPUTER MAN I S  S T O K E D  L..N D I S C  PACK 55022 

D A T A  O I S C l l O H 5 3 0 4  C  MAN/ 
O A T 4  O I S C 2 / l C H 5 5 0 2 2  CHAN/ 
O A T 3  F I L E / l ? H B S D Y  / 
D A T A  F I L S 2 / l C H I Y C I P  BODY/  

D A T A  R < h D E R / 5 / .  k R I  T E R / 6 /  
C O P M J N  / M A N / h ' A N ( 5 5 r l l 3 r b )  
C O M H O N / M . A N l / M A N l (  559  1 1 0 1  
C O P Y O N / H A N 2 / M A P i Z (  l l O s 5 5 *  6 )  
C3MN;N / W I R K ~ / H : R K L ( ~ S I ~ ~ ~ )  
COHNCN / k l C H K 2 / W 3 K K 2 (  5 5 ~ 1 1 0 )  
C O M H C N / H * ' R K 3 / H C R K 3 I  1 1 0 1 5 5 )  
C G H M L N  / : I A M E l / I J A Y E 1 ( 4 )  
COHHON / ' iA3EZ/NAME2( 4 )  

DIMENSI ' : ,>I  I F I L I 1 3 1 ) ~ L O ! t I l 3 l l ~ l T M ~ l 3 l ) r L T R ( 1 3 l ~ ~ H A X N R ~ l 3 l ~ ~  
AIHRU(131)~IHTU(l31)rICI(131) 

I N T E G E R  W C R K l e W C R K Z ~ R E C O R O  . 
INTEGER F I L E *  F I L E 2  
I N T c G C R  K C R K 3  
I N T Z G E R  S L I C E  
I N T E G E R  R E A D E R , w R I T E R P O I S C ~ D I S ~ ~  
CM I N C A P A C T 9 T I O N  M G n E L  I S  Q I V I D f O  I N T O  14 RECORDS 
S I X  S L I C S  P E R  RECORD 
T H E  RECORD L E N G T H  FOR F I L E  2 I S  36353 W'JRDS 

OPEPI T H E  D I S C  T C  B O T H  F I L E S  5304 r S S D 2 2  
THE RECORD L E N G T H  OF F I L E  1 I S  6:;50 WrHOS 
C A L C U L A T Z  C C X R E C T  R E L A T I V E  RECORD NUHf lER F O R  NEW FILE 

F I L E  1 1-6 7 - 1 2  1 3 - 1 8  79-84 --- ---- ----- ----- 
F I L E  2 1 2 3 14 

C A L L  D I S C O L ( 2 ~ N A M ~ l ~ O I S C )  
C A L L  D I S C C L (  3 * N A M E Z r D I S C 2 )  
C A L L  DISCCF(FILE2,36303,1288~IDUMMY~O) 
I F  I L (  1 ) = 9 . 0  
C A L L  D I S C F I ( I F I L ~ L O R ~ I T R ~ L T H ~ H A X P I R ~ I H R U ~ I H T V ~ I C I )  
DO 328 X = I r 1 3 1  
I F ( I F I L ( I ) . N E . O )  U i 7 I T E ( 6 r l l D )  I I F I L ( I ~ ~ L O R ~ I ~ I I ~ R ~ I ~ ~ L T R ( I ) ~  

AMAXNR(I)~IHiTU~I)rIIITU(I)rICI(I)) 
C O N T  I N U F  
F O R P A T ( 4 1 0 * 2 X , 7 ( 1 4 r 2 X U  
00 11 R f C O R D = l * 7 6  
I N V R E C = ( ( K E C 2 R D - l 1 / 6 ) + 1  
I N V R E C = 1 5 - I N V R E C  
L O A D  H I G H E S T  RECORD F I R S T  



CALL D I S C S U ( 2  1 
CALL D I S C K D ( F I L , ~ R E C O R D I ~ , M A N ~ )  

C  K I S  FOUAL TO S L I C E  NUMUER W I T H I N  RECORD 
C I N V c R T  C jEPUTER MAN 

0 0  20 Ja1 .55  
00 2 0  I = l r 1 1 0  
JYr56-J 
W O R K l ( J Y v I ) = M A N l ( J r I )  

23 CONTINUE 
c 1 S T  ROTATE CM 1 8 0  DEGREES CLOCKWISE ABqUT X -AX IS  
C  2ND ROTATE C M  1 0 3  DEGREES CCUKTERCL3CKWISE AnOUT Z A X I S  
C  ROTATE C3PPUTCR MAN 90nEGREFS COUNTCPCLOCKWCSE ADOUT Z -AX IS  
C  REVERS? T V E  ROW GRDER 
C  REVFRSY TPE CCLUKY ORDER 
C  REVCRSE THE RECORD ORDER 
C  LOAD BACK I N T O  MAN 

KKsMODIRLCCRD, 15)  
IF(KK.5Q.C) K K = 6  

C REVSRSE S L I C E  ORDER REFORE LOADING I N T O  NEH RECORD 
KM=7-KK 

C  PERFORM A L I t 4 1 T  CHECK ON KH 
I F ( K M . G E . l . A f i D . K Y . L E 1 6 )  GO TQ 71 
W R I T E ( 6 r 1 0 8 )  KM 

1;8 FGRMAT(1  I X . 1 4 )  
GO TO 11 

71  CON1 IPlUE 
03 30 J = l r 5 5  
GO 3 0  I = i r l l O  
I X = 1 1 1 - I  
WSRKZIJ. I)=W R K l ( J , I X )  
M A N I J I I , K M ) = M O R K ~ ~ J ~ I )  

3 0 CONTINUE 
C  TRA'ISFCR TC ?IEW D I S C  F I L E  

CALL D I S C S U ( 3 )  
C  D E F I N E  D I S C  F I L E S  FOR NEW D I S C  PACK 
C  F I L 5 2  I S  VEH D I S C  L A B E L  
c CALL DISCDF(IFIL,LOR~NTTIAV,K) 
C NT I S  i'!UMRER OF TRACKS NEEDED 3 6 3 0 0 1 3 9 0  
C LOR I S  LZNGTH CF D I S C  KEC3RD 
C  I A V  I S  AnUMMPlY V A R I A B L E  
C K  D E F I l l E S  SOME 4 C T I O N  TO BE TAKEN ON I F I L E  K=O CLEARS F I L E  
C  I F  RECLRD F I L E  F I L E 2  I S  F I L L E D  N K I T E  RECJRD 3 N T 3  D I S C  
C  
C  
C WRITE GI4 UNWRITTEN REC3RD 1 AND RECI'RD 2 S L I C E S  5 r6  

IF(INVRSC.EQ.Z.AND.KK.GE.4) GO TO 50 
GO TO 12 

50 DO 80 K - 1 9 2  
DO 80 J z l . 5 5  
DO 8 0  I = L , l l G  
MAN( J r T p K ) = O  

8 C  CONTINUE 
DO 3 K z l . 6  
DO 3 J z l . 5 5  
GO 3 I=1.11.3 
M A N 2 ( I T J v ~ ) = M ~ N ( J * I I K )  

3 CONT I NUE 
CALL D I S C U T ( F I L E ~ ~ I N V R E C , ~ ~ M A N ~ )  
GO TO 7 0  



CONTINUE 
IF(KK.EQ.6)GQ TO 101 
CONTINUE 
CONTINUE 

INTERCHAmlGE X-Y COJRDINATES 
ROTATE CtHPUTER MAN 9ODEGREES ABOUT Z A X I S  
0 0  2 K=lr6 
00 2 J = l r S 5  
DO 2 I = l * l l O  
M A N 2 ( I e J * K ) = M A N ( J v I , K )  
CONT ILIIJ5 
CALL DISCWT(FILE2~1NVREC,l,MAN2) 
GO TO 11 

P R I N T  OUT COMPUTER MAN I N  HCSAlC  FORM FRCM NEW F ILE 
CONT INUE 
CALL D I S C S U 1 3 )  
00 1 5  R Z C C R D = l * 1 4  
CALL DISCRD(FILE2rREC3RDrl~MAN2) 
K I S  EQUAL T ; S L I C E  YUYRER W I T H I N  EACH RECORO 
DO 1 8  I ( = l ~ b  
00 16 J = l r S 5  
DO 1 6  I = l r 1 1 :  
U O R K 3 ( I ~ J l = M A N Z ( I , J , K )  
C0NTINU.E 
C A L C U L : l r i  CR ,SS-SSCTI 3N NIJHBER ( 1 - 8 4 )  
S L I C E = ( ( R E C d R D - l ) * 6 ) + K  
CALL M 3 S d I C ( k O R K 3 r S L I C E )  
CONTINUE 
CONT I NUE 
END 



CONSlRUff SUBMATRIX 
FOR THIS SLICE - 

RfJLECl SLICE 
A B O l l l  MIDPOINT 

OF X-AXIS - 

(DO S L I Q  1. 6 ) 
I 

D I N  FIRST CARD 
4 b d E N l S  P f R l A I N I N b  

TO HEW SLICE 
EARDNM.  ARGI.ARG2, 
ARQ.ARC4. CRCS. jRG6 
I 

(DO IROW - 
I 

/W I N  ADDITIONAL 
=ICE ARGU,\lCNTS PERT- 
AINING TO CURRENT ROW 

TISSUE CODES 
ARq. ARm. ARGP. ARRAY 

ARRAY IN) ' 0 

llOI ONTO M A I N  

ZBO WORK ARRAY A m  
W( P I C E  I S  COMPLETED 

PRINT OUI  DATA TO 
WRITE FOOT SLICES 
ONTO NEW DISC FlLE 

10 OIECK D15F FlLE FOR 

DATA I N  WORK 

READ I N  FOOT SLICES 
DISCRDIFIL12. RECCRD l . ' . 'A\.  

I 
SLICE . ((RECORD -11'61+K 1 

I 



~ l s T ( S T h ~ 4 T l  
MAXT ( SIM I?!S 
H A X ' ( 2  1 1  ) L I N E S  
COMR D I S C  5 5 0 2 2  TO U N I T  3 
I N T E G E R  C A R D N U N ~ A R G ~ ~ A R C ~ ~ A R C ~ ~ A R G ~ ~ A R G ~ ~ A R G ~ ~ ~ R R A Y ~ U O R U ~ ~ P L A N E  
I N T F G E R  b R G 7  ARGB r A R G 9  
I N T E G E K  k D T H r  HGI IT 
l N T C G E R  F I L E Z r O I S C 2  
I N T E G E R  HEC .RD 
I N T F G E R  S L I C E  
I N T F G E R  HCRK3 
O I H F N S I d N  A R R A Y ( ~ ~ I ~ P L A N E ( ~ u ~ ~ C . J ~ W ~ R K ~ ( ~ ~ , ~ ~ ~ )  
C O M M O N / W C R K 3 / W C 9 K 3 1 1 1 0 1 5 5 )  
C O C M O N / M . ! N 3 / P A N 3 1 1 l C r 5 5 r G ~  
COMMOY/MAN/HAN( 5 5 9  11.1) 
C O M K O N / E Z N I / E A N l f  5 5 ~ 1 1 0 ~ 6 )  
COHMCN/M1N2/+'4N2( 5 5 p 1 1 0 r 6 )  
COHMCN/Y A C E Z / N A > ! E 2 ( 4 )  
CAT& I L E X O / O /  
DATA O I S C 2 / 1 2 H 5 5 0 2 2  CMAN/ 
O A T l  F I L F 2 / 1 2 H I R J C A P  BODY/  
T H I S  S U B K C U T I N E S  READS THE A O O l T f O N A L  FOOT 
S L I C E S  2 ' iTO THE D I S C  FROM C A R D S -  THLIS T H E  
I N C A P A C I  T A T I 3 N  NGDEL I N C R E A S E S  IX H E I G H T  
T H I S  PXOSRAM ADDS 6 A O D l T I O M A L  P C R T I O N S  TO T H E  FEET 
I N  T H E  1 : i C A P A C I T A T I O N  MAN 
A R G l  = S T b R T I N G  P O S I T I O N  OF S U B M A T R I X  LN Y A X I S  
ARGZ = END P O S I T I O N  OF S U R M A T R I X  ON Y A X I S  
ARG3 = S T A R T I N G  P O S I T I G 3 1  OF S U R M A T R I X  O N  X A X I S  
ARG4 = 5ND P Q S I T I ? N  DF S U R M A T R I X  5N X A X I S  
ARG5 = YUMBER OF COLUMNS FOR S U D K A T R I X  
ARGb = YUV3ER CF ROHS FOR SUBb!ATRIX 
ARGUMENTS 7-9 P E R T A I N  T 3  EACH I C D Z V I D U A L  ROW OF T I S S U E  CODES 
ARG7 = Y COOPDI IJATE OF ROW 
ARGB = S T A R T I N G  X C O O R D I N A T E  OF T I S S U E  COOCS 
ARG9 = X C C j K O I N A T i  WHERE T I S S U E  C O O E S  END 
DO ZOO3 S L I C F = l r b  
R E A ~ ( 5 p l U C ) C A R O I I U M ~ A R G 1 ~ A R G 2 ~ A R C 3 ~ k K G 4 ~ A R G S ~ A ~ G 6  
F O R P . A T ( I 3 r l X p b I 4 )  
DO 1 0 0 0  I R O W = l r l R G 6  
R E b D ( 5 . 1 5 1 )  A R C 7 r A R C O r A R G 9 p ( A R R A Y ~ ? J ) r P J = l v 2 4 )  
FORPAT(I2rlX,I2rlXr12~12r2313) 
DO 10 l = L ~ 2 4  
IF((AR94YfI).GE.i).AND.fARRAY(I)rLE-200) GO TO 10 
ARRAY l I l = I Z E K O  
C O N T I N U E  
S H I F T  T I S S U E  CODES UPWARDS I N  I N P U T  B U F F E R f A S R q Y )  
SUCH T H A T  A H K A Y ( 1 )  C 3 N T A I N S  AN ENITRY 
C A L C U L I \ T Z  I l J D E X  TO R E T R I E V E  CORRECT ENTRY FROM ARRAY 
C O N S T R t J t T  OUR S U D I J A T R I X  W ' J R K l ( Y r X I  U S I N G  OUR ARGUMENTS 
I F ( A R K P Y (  l ) . N E - 3 I C O T O  75 
DO 60 Y = l r 2 3  
A R R A Y ( N I = A R R A Y ( ? J + l )  
CONT I Y U E  
GOTO 65 
CONT I N U F  
W R I T E ( 6 r l 0 3 )  ( A R R A Y f I ) r I a l r 2 4 )  
F O R C A T (  1 X v  2 4 1  3 )  



T R A N S F E R  C O N T E N T S  OF A R R A Y  T O  WORK! 
U S I V G  4 D D I T I  . N A L  D 4 T A  R E A D  I N  
INSERT = ' ! T R Y  IN C i R R E C T  L O C A T I O N  
C O h S T R U C r  S U U M A T R I X  F O R  T H I S  S L I C E  
P R I N T  A9279 AHG8rARG9 
W R I T E (  6 9  lC4) A R C 7 s A R C B , A R G 9  
F O R M A T 1 5 X r 3 1  I 2 1 2 X ) )  

w f i 4 - , 1 ~ G 3 ) + 1  
H - A R G W ? ~  P 
N N = (  ARG(1-ARG8 )+I 
DO 200 I = l r N N  
I X = ( A R G A + I ) - 1  
M A N ( J , I X l = A R l t A Y ( I  1 
C O N T I N U E  
C O N T I N I J E  
P R I N T  O U T  D A T A  TO CHECK A R R A Y S  FOR A C C U R A C Y  
DO 300 K = l r 5 S  
H R I T E ( O r l C 2 )  I M A N ( K , I ) r I = 1 , 5 5 )  
C O N T I N U 5  
F O R M A T I  3 1 3 r / r 2 5 1 3 1  
R E F L E C T  S L I C E  ABGUT M I O P O I N T  OF X - A X I S  THE L I N E  X ~ 5 5  
C O P Y  S t F L E C T E O  D A T A  ONTO WORK M A T R I X  
03 5 0 2  J = l r 5 5  
00 5GO I = l r l l O  
I X = l l l - I  
W O R K l ( J , I ) = M A N ( J , I X )  
C O N T I N U S  
P R I N T  O U T  R E F L E C T E D  D A T A  I N  WORK1 A R R A Y  
00 406 K = l - 5 5  
W R I T E ( 6 r i C 6 1 ( H O R K l ( K , I ) ~ I = 5 6 ~ )  
F O R P A T (  3 I3,/r2513) 
CONT II'.IUZ 
COPY REFLECTED D A T A  ONTO M A I N  A R R A Y  {MAN) 
DO 600 J = l r 5 5  
D 3  600 1 ~ 5 6 ,  110 
U A N ( J * I ) = W O R K l ( J , I I  
C O N T I  FIUF 
R E V E R S ?  S L I C E  CRDER I N  O U T P U T  BUFFER(MAN1) 
FOOT S L I C E S  WILL BE C R O S S - S E C T I U t l S  79-84 
KM=7-SL I C E  
DO 903 J=1 ,55  
00 9 0 C  I = L , l L O  
M h N I ( J , I , K M ) = M A N ( J , I )  
C O N T  1 NlJf 
Z E R O  HCXK A R R A Y  A F T E R  E A C H  S L I C E  I S  C O M P L E T E D  
DO 1 0 5  IY-1.55 
00 105 I = l r l l O  
M A N (  I Y *  I ) = I Z E R O  
W O R K l ( I Y , I ) = I Z E R O  
C O N T I N l J C  . 
C O N T I N U E  
THESE A D D I T I O N A L  F 0 3 T  S L I C E S  AND THE P R F C E E D I N G  F O O T  S L I C E S  
A R E  NOT C U T S  MADE P A R R A L L E L  TO X-Y P L A N E  

I N T E R C H A ' ! G E  X-Y C 0 3 R D l  tJATE S 
R O T A T E  C d P P U T E R  M A N  9 0 D E G R E E S  ABOUT Z A X I S  
00 2 K z 1 . 6  
00 2 J = 1 . 5 5  
DO 2 I = l , l l O  



W A N 3 ( I , J p K l = M A N L ( J v 1 ~  
2 C O N 1  JNlJE 
C  READ I q  tlEW O I S C  F I L E  5 5 0 2 2  RECORD 1 

R E C O R O = l  
C A L L  O I S C O L ( 3 p N A M E 2 p D I S C Z )  
CALL D ISCWT(F ILE2rWSCSRDI I rHANS)  
CALL D I S C R D I F I L E 2 p R E C O R D r l ~ M A N 3 )  

C  K  I S  EQUIL 13 S L I C E  NUMBER W l T H l N  E A C H  RECORO 
00 18 K . l . 6  
00 16 J = ! r 5 5  
00 16 I = l r 1 1 0  
W 3 R K 3 f I ~ J ) ~ M A N 3 f I r J I K )  

1 6  CONT I N U Z  
C  CALCULATE C R C S S - S E C T I O N  NUMBER (1-84) 

S L I C E = (  ( t I E C i R O - l 1 * 6 N K  
C A L L  N D S A I C I W O R K 3 r S L I C f )  

18 C O N T I N U E  
15 CONT INlJE 

E N 0  



SUBROUTINE MOSAIC (KSI,I) 

c-j> 

TISSUE CODE 

INVALID CODE - 

I 

I 

RlNT LEFT EDGE; GRID(L,J), J=1,110; 
RIGHT EDGE I 

BORDER 

RETURN 



SUBROUTIYE M O S A I C ( K S I r I 1  
D I H E N S I J I  USI(11C~55)~rJRID(110~55)~@RD(112) 
COMMON/SYNBGL/SYMBOL~ZOO) 
COHMCN/C5DE/COOE(200) 
INTEGER t ~ S I r G R I D ~ S Y M B O L r C O D E , E R R G R ~ 6 L A N K ~ E O C E 1 ~ E O G E 2 ~ ~ ~ R O ~  

1 PERr(iR0 
DATA SYMt!CL/ 

A 1HOr l H H r l H E r  1 H R r l H T ~ l H Y r 1 ) . 1 U r l H I  r l H O ~ l H P r l H A r l H S r ~ ~ O ~  
A 1HFr  1HGr 1HHr 1 t I J r  1HKr 1 H L r  L H Z r l H X r L t l C r l k l ~ ~ l H ~ r l H N ~  lHHI 
A 1HOr 1 H l r  l H 2 r  l H 3 r l H 4 r  1 H 5 r  l H 6 r l H 7 r l b l i ) r  1H9. lHO, lHWr l H E r  
A 1 H R r l H T r  l H Y r  l H U r l t l 1  rlHCrlHPrli'A~lHSrLHOrlHF~lHGrl~tlr 
A  1 H J r  L H K r l H L r  lHZrl~~XrlHC.r1HVrlHR~LHr~I~LiIP!~lH9tlHl~~k12~ 
A 1 ~ i 3 r l H 4 r l H 5 r l H 6 r l H 7 r 1 H ~ ~ ~ H ~ r l H O r l H E I l H R ~ l H T ~ l H ~ ~  
A  111Ur 1 H I  r 1H3r  1HPr I t f i r  1 H S r l H D r  1 H F r l H C r l H H ~  l H J r l H K r  ;HI., 
A  1 t i Z r l H X r  1HT.r 1 H V r l H B r  1H~~rlHMrlII@rlH1rlIi2~lH3rlH4r 1H5, 
A  1 H 6 ~ 1 H 7 r 1 H R r 1 H 7 r 1 ~ Q r 1 H ~ ~ l H ~ r l H R r l l l T r l H Y ~ 1 H U ~ 1 H I ~ ~ H O r  
A l H P r l H A r l H S r 1 H O r l ~ F ~ l H C r L H ~ i r l t I J r 1 H K ~ l H L ~ l H Z ~ ~ H X ~ ~ H C ~  
A I H V r  l H t 3 r l H r l r  l H H r  l l l O r 1 H l r  lHZrlH3rLH4rlH5rlH6rlH7rll48~ 
A I M 9 r l H Q r l H W r  I H E r  1 H R I L H T r l t I Y ~ l H U r l H I  ~ 1 H ~ r l H P r l H A r l t l S ~  
A  l H D r 1 H F r  1HGr 1HHr 1WJr l H K r 1 t I L t l H Z r 1 H X r 1 H C r l H V r l H ~ ~ l H N ~  
A lH". 1HOr 1 H l r  1 1 i 2 r l t i 3 ~ 1 H 4 r 1 t 1 5 ~ l H 6 r l H 7 ~ l t 1 8 ~ 1 t i 9 ~ l H O ~ l H N I  
B 1t13r 1HT r l H T r  l H L r  l H R r  13*1H-/  

DATA CODE/ 
A 2 1 3 r 4 r 5 * 6 r 2 3 r 7 r R r 9 r l O r 2 4 r l l p 1 2 r  
B 
C 2 5 r 5 5 r 2 h r 2 7 r Z R r 2 3 r 3 0 r 3 1 r 3 2 r 1 7 5 * 1 7 6 r 3 3 r 3 4 r  
D 3 5 r 3 6 r 3 7 ~ 3 R r 3 9 r 4 O r 4 1 ~ 4 2 r l 7 7 ~ 1 7 8 ~ 4 3 4 4 4 5 ~  
E 4 6 r 4 7 r 4 8 r 4 9 r 5 : r 5 1 r 5 2 r 5 3 T 5 4 r 7 3 r 5 5 r S 6 r 5 7 r  
F 
G 7 G r 7 1 r 7 2 r 7 3 * 9 6 r 7 4 r 7 6 r 7 7 v 7 8 r 7 9 r 1 8 0 r R 3 r 8 1 r  
H 82r83r84r85r86r87rR8rR9r99rLCCr93r9lr9Zr 
I 9 3 r 9 4 ~ 9 5 ~ 9 6 r 1 1 9 ~ 9 7 r 9 8 ~ 1 0 1 ~ 2 0 0 ~ 1 0 2 ~ 1 0 3 ~ 1 0 4 ~ 1 0 5 ~  
J 1 3 6 r l l O r ~ l l ~ l G 7 r 1 0 ~ r l O 9 ~ l l 2 r 1 1 3 r I 1 4 ~ l 1 5 r l l 6 r l l 7 ~ l l 8 ~  
K  1 1 9 r 1 2 0 r 1 2 1 r 1 2 2 r 1 2 3 r 1 2 4 ~ 1 2 5 r 1 2 6 r 1 2 7 ~ 1 2 8 r 1 2 9 r 1 3 0 ~ 1 3 ~ ~  
L 1 3 2 r 1 3 3 ~ 1 3 4 ~ 1 3 5 r 1 ~ 6 1 1 3 7 r 1 3 C v 1 3 9 r I 4 L \ ~ 1 ~ 1 ~ l ~ t 2 ~ 1 4 6 ~ 1 4 3 ~  
H 1 4 4 r ~ 4 5 ~ 1 4 7 r 1 4 9 r 1 5 0 r 1 5 1 r 1 5 2 r 1 5 3 r 1 5 4 r 1 5 5 r 1 5 6 r 1 5 7 ~ 1 5 0 ~  
M 159r160r161r162rlh3r164r165rL66rl67r1hdrl69rl7G~l7l~ 
N 172rl81r182r183r184rl3*O/ 

DATA E R R ~ R ~ O L A N K P E D G E ~ ~ E D G E ~ ~ Z E R O ~ P E R / ~ H - ~ ~ H  ~ l H o r l H o r l H Q ~ l k I ~ /  
O A T 4  N /187 /  
DATA CRO /112*1H./ 



DO 20 Jt1.55 
DO 20 L= l * l l G  

IF (KSI(LIJ)~EQ.O)GO TO 70 
00 2 5  K=lrN 

I F ~ K S I ~ L ~ J ) o E Q o C O D E ~ 1 < l ) G O T O  30 
CONT INUE 
GRIO(L.J)qERROR 
GOT9 2 C  
G R I D ( L I J ) = S Y M B ~ L ( K )  

COPITl rlUE 
WRITE1 6,107) 

F O R M A T (  ' + Y '  1 
WRITE(6,106)(0RD(J)~J=1glli!) 
F C R M A T ( 1 1 2 A l )  

DO f?5 J;'L*55 
JJ=56-J 
H R I T E ~ ~ ~ ~ C O ) E D G E ~ ~ ( G R I O ( L S J J ~ ~ L ~ ~ ~ ~ ~ O ~ ~ E D G E ~  

C0NTI:JUE 
WRITE(6~1C6)(GRD(JI,J=Iv112) 
WRIT96.130) 1 

F O ~ M A T ( ' J ' ~ ~ ~ X ~ ' C R O S S  SECTION',ISr3ZX~'tX') 
RETURN 
GRID(L,J)=BL.ANK 
S F ( M O D ~ J ~ l O ) * E Q . 6 ~ A N D ~ M O D ~ L ~ l O ) . ~ Q c O ) G R ~ D ~ L ~ J ) ~ P ~ R  
GO TO 2'1 
END 
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